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CHAPTER  I 


INTRODUCTION 


Overview 


The  science  of  logistics  is  varied  in  its  nature, 
encompassing  numerous  elements  that  must  be  interwoven  to 
successfully  accomplish  military  objectives.  In  official 
Department  of  Defense  language,  logistics  is  "the  science 
of  planning  and  carrying  out  the  movement  and  maintenance 
of  forces  [22:2]."  Expressed  in  the  broadest  terms,  mili- 
tary logistics  can  be  viewed  as  the  function  of  providing 

for  needs  in  peace  or  war. 

{ 

During  normal  or  peacetime  operations,  materiel 
is  maintained  either  at  or  near  the  location  where  it  will 
eventually  be  used.  Under  certain  conditions,  however,  a 
unit  may  be  separated  from  the  usual  stock  flow,  as  in 
response  to  mobility  requirements.  In  responding  to  vari- 
ous contingencies,  a unit  is  required  to  maintain  a combat 
ready  posture  under  the  limitations  of  being  geographically 
removed  from  established  supply  channels.  Since  the 
majority  of  deployments  are  in  response  to  some  type  of 
contingency  plan,  support  for  the  movements  is  provided  for 
through  the  War  Reserve  Materiel  (WRM)  program  (21: ii^. 
Essentially,  the  program  assures  support  for  operating 
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, 

plans  through  reliance  upon  materiel  that  has  been  accumu- 
lated and  prepositioned  in  accordance  with  preplanned  pro- 
grams and  schedules*  (17:2). 

Definition  of  Terms 

Consumption  Type  Items--those  items  that  are  con- 
sumed in  their  entirety;  e.g.,  ammunition,  drop  tanks,  etc., 
or  lose  their  identity  through  installation  into  a next 
higher  assembly;  e.g.,  a generator  installed  in  an  air- 
craft (17:4) . 

Prepositioned  Materiel — War  Reserve  Materiel  con- 
sisting of  an  authorized, predetermined,  type  and  quantity 
of  assets  located  in  the  theatre  of  use  prior  to  the  begin- 
ning of  hostilities  to  provide  support  during  the  initial 
phase  of  war  pending  resupply  (17:5). 

Prestocked  Materiel — War  Reserve  Materiel  composed 
of  assets  stocked  in  the  Continental  United  States  at 
Air  Logistics  Centers  (ALC)  to  augment  prepositioned 
theatre  assets  (17:5). 

Replacement  Type  Items — those  items  that  perform  a 
function  by  themselves;  i.e.,  chairs,  tables,  test  equip- 
ment, etc.,  and  retain  their  identity  throughout  their  life 
in  the  military  inventory  (17:4). 

War  and  Mobilization  Plan  (WMP) — a continuously 
revised  plan  spanning  the  time  period  of  the  USAF  Five 
Year  Force  and  Financial  Plan  and  serving  as  the  source 
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for  current  policy,  doctrine,  concept,  and  direction  for 
the  Air  Staff  and  Air  Force  commanders  concerning  the  con- 
duct and  support  of  wartime  operations  (17:2). 

War  Reserve  Materiel  (WRM) — extra  quantities  (in 
addition  to  peacetime  operating  stocks)  of  supplies  which 
will  be  needed  to  support  planned  wartime  operations  until 
production  catches  up  with  demand.  Such  stock  includes 
items  essential  for  the  operational  effectiveness  of  combat, 
combat  support,  and  combat  service  support  forces  (18:5). 

War  Readiness  Spares  Kit  (WRSK) — an  air  trans- 
portable package  of  selected  spares  and  repair  parts 
required  to  sustain  planned  wartime  or  contingency  opera- 
tions of  a weapon  system  for  a specific  period  of  time 
pending  resupply.  WRSKs  are  normally  prepositioned  with 
the  using  unit  in  order  that  they  are  immediately  avail- 
able for  the  unit’s  deployment  (18:7). 

WRSK  Level  Computation-- the  process  of  determining 
WRSK  composition  based  on  failure  rates,  availability  of 
maintenance  support  at  the  proposed  base  of  operations, 
time  change  items,  turn-around  capabilities,  and  other 
maintenance  data  (17:14). 

Statement  of  the  Problem 
By  its  very  nature,  logistics  cannot  be  reduced 
to  an  exact  science.  Constantly  changing  requirements, 
budgets,  and  commitments  preclude  relying  on  a given  set 
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of  formulas  for  determining  needs.  Nevertheless,  WRM 
planners  attempt  to  incorporate  patterns  of  past  consump- 
tion and  operational  activities  into  formulas  for  deter- 
mining future  requirements  (16) . Their  basic  assumption  is 
that  future  activity  will  change  predominantly  in  scope 
and  not  in  character.  Obviously,  future  activities  will 
differ  from  the  past  in  many  more  aspects  than  just  scope. 

Unpredictable  combinations  of  changing  combat  conditions, 
broader  ranges  of  possible  commitments,  and  surging  demand 
rates  are  a few  significant  unknowns  that  may  affect  future 
needs  (17:5).  Recent  experience  has  shown  that  consumption 
rates  varied  greatly  from  projected  figures  and  that  WRM 
was  not  always  used  according  to  design  (16). 

In  particular,  the  determination  of  War  Readiness 
Spares  Kit  (WRSK)  composition,  with  considerations  related 
to  future  needs  under  uncertain  conditions,  presents  a 
problem  to  the  logistics  planner.  The  logistician's 
resources  constrain  him,  for  "prepositioning  and  prestock- 
ing War  Reserve  Materiel  in  the  range  and  scope  necessary 
to  cope  with  every  possible  combination  of  circumstances 
would  bankrupt  the  country  [17:7]."  As  a planner,  he  must 
determine  just  how  WRSKs  should  be  devised  to  provide  the 
greatest  mobility,  flexibility,  and  application  under  a 
wide  range  of  options.  Are  the  present  policies  adequate 
for  determining  WRSK  composition?  Are  WRSKs  designed  to 
provide  maximum  support  for  a given  cost?  The  answers 

- J 
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to  these  questions  are  fundamental  to  an  analysis  of  the 
WRSK  concept  and  to  the  development  of  a means  to  determine 
optimal  WRSK  composition. 


Historical  Development 


In  its  report  on  logistics  support  to  U.S.  Forces 
in  Vietnam,  the  Joint  Logistics  Review  Board  commented  on 
the  origins  of  the  WRM  concept: 

The  United  States  was  unprepared  for  the  commence- 
ment of  hostilities  in  World  War  II,  mainly  because  of 
the  time-distance  factor  separating  the  United  States 
from  potential  enemies  and  our  national  policy  of 
avoiding  foreign  entanglements.  To  buy  time  to  build 
an  industrial  base,  it  was  necessary  to  curtail  opera- 
tions until  supplies  and  equipment  became  available. 

The  reduced  time-distance  factor  and  the  international 
political  situation  at  the  close  of  World  War  II  indi- 
cated to  prudent  military  planners  the  necessity  to 
formally  establish,  and  maintain  in  peacetime,  stocks 
of  materiel  to  support  combat  operations  until  the 
national  production  base  could  be  activated  [18:7]. 

The  basic  concept  of  WRM  has  remained  essentially  the  same 

over  the  past  thirty  years.  As  early  as  1946  the  necessity 

for  plans  providing  for  the  deployment  of  bulk  supply  and 

equipment  and  a thirty-day  maintenance  capability  was 

recognized  (13:35).  Two  years  later  the  Strategic  Air 

Command  initiated  a Mobility  and  Supply  Plan  for  use  when 

its  units  were  deployed.  The  unique  feature  of  the  plan 

was  the  flyaway  kit,  which  was  defined  as 

. . . that  combination  of  aircraft  and  communica- 
tions spare  parts  which  would  enable  an  aircraft  to 
operate  thirty  days  at  a prepared  advance  base  without 
any  logistical  support  from  other  resources;  in  other 
words,  a sort  of  airborne  base  supply  [18:8]. 
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Two  important  concepts  evolved  from  the  early  formulation 
of  WRM  policy.  A thirty-day  time  frame  for  support  of 
operations  was  established,  as  well  as  the  necessity  of 
establishing  priority  for  WRM.  The  former  has  remained  as 
an  important  determinant  of  WRM  composition  for  thirty 
years,  while  the  latter  has  been  somewhat  de-emphasized  in 
favor  of  technical  inspection  criteria,  materiel  main- 
tenance, and  systematically  rated  capabilities — factors 
concerned  with  examining  outputs  rather  than  evaluating 
inputs  (3: 13-15) . 

Literature  dealing  with  WRM  composition  is  scarce, 
and  that  which  exists  is  predominantly  concerned  with  how 
to  deal  with  existing  WRM  stockpiles  as  opposed  to  how  to 
effectively  determine  WRM  composition  (7:9;  9:1).  This 
situation  might  be  expected  since  the  determination  of 
logistics  requirements  has  always  been  a difficult  task, 
wherein  planners  are  faced  with  changing  inputs,  budget 
restraints,  and  historical  planning  factors.  For  example, 
the  Vietnam  conflict  provides  evidence  that 

The  difficulty  in  establishing  credible  logistic 
requirements  stems  not  only  from  constant  changes  in 
the  planning  matrix,  but  also,  and  more  importantly, 
from  the  magnitude  of  and  the  lack  of  stability  in 
gross  requirements  to  support  all  contingency  plans. 
Hard  core  requirements  tend  to  be  obscured  by  rela- 
tively soft  total  requirements.  To  correct  this  situ- 
ation, certain  plans  should  be  designed  and  utilized 
as  the  basis  for  determination  of  hard-core  logistic 
requirements  [23:28]. 

WRM  requirements  are  directly  related  to  future 
needs,  but  have  generated  a certain  amount  of  speculation 
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based  on  past  consumption.  Goldstein,  in  a 1970  study  of 
logistics  planning  factors,  questioned  the  validity  of 
projections  based  on  past  experience  (7:9).  Too  often,  he 
asserted,  final  output  is  determined  solely  on  previous 
data.  The  use  of  historical  planning  factors  increases 
the  danger  of  using  the  wrong  predictor,  or  basing  future 
action  on  past  experience  that  may  have  been  atypical. 
Planning  factors  also  weaken  with  time,  for  the  more  recent 
the  event,  the  more  relevant  the  experience  (12:96-97). 
Trapp,  in  a study  of  War  Reserve  Materiel  written  in  March, 
1975,  further  emphasized  the  inherent  dangers  of  relying 
too  heavily  on  past  performance: 

Determining  requirements  for  war  consumables 
encounters  all  of  the  familiar  difficulties  and  chal- 
lenges involved  with  the  translation  of  the  consump- 
tion patterns  and  variable  combat  activities  of  the 
past  into  valid  factors  for  the  future  [17:5]. 

In  a 1967  study  of  WRM,  Davis  pointed  out  a con- 
tinuing need  to  maintain  the  status  of  WRM  on  a world- 
wide basis  (3:11).  To  accomplish  such  an  objective,  he 
concluded,  "We  must  have  reliable  and  current  asset  data 
from  which  to  make  sound  appraisals  of  our  support  system 
[3:12]."  Such  a reporting  system,  however,  can  be  only  as 
accurate  as  the  initial  requirements  determination  process 
itself . 

Reviewed  literature  reflected  other  attempts  to 
improve  the  WRM  program.  In  1964  the  M-rating  System  was 
devised  in  an  attempt  to  evaluate  the  effectiveness  of 
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selected  WRM  assets  to  meet  combat  requirements  as  estab- 
lished in  wartime  planning  documents  (3:13).  However,  such 
a system  evaluates  only  capability  and  does  not  consider 
the  issues  of  efficiency  or  cost. 

An  earlier  TIG  Brief  reminded  commanders  of  the 
importance  of  proper  maintenance  of  WRM,  pointing  out  that 
in  an  emergency  "There  is  little  time  to  requisition  or 
repair  items  needed  to  execute  an  important  mission  [9:1]." 
An  audit  of  eighty-seven  bases  in  twelve  commands  had 
revealed  deficiencies  in  serviceables,  improperly  marked 
materiels,  etc.  Once  again,  emphasis  was  placed  on  the 
outputs  rather  than  the  inputs. 

Several  theses  in  recent  years  have  examined  vari- 
ous aspects  of  WRM.  In  1966,  Goldstein  and  Wilcox  developed 
a cost  effectiveness  analysis  comparing  prepositioning  and 
airlift  as  alternate  means  of  supporting  a tactical  deploy- 
ment (7:91).  Each  alternative  was  considered  in  dispersal 
of  WRM,  but  only  after  its  composition  had  been  determined. 
The  process  by  which  WRM  was  selected  affects  materiel 
quantities  and  thereby  affects  the  means  by  which  it  is 


distributed  (7:3-4). 

In  1975,  Morrison  and  Probst  researched  the  require- 
ments aspects  in  a thesis  concerning  the  mechanized  com- 
putation of  USAF  WRM  Spare  Kits  Candidate  List  (10:72-75). 
They  recommended  a joint  review  of  Air  Force  WRM  criteria 
and  suggested  the  need  for  investigation  into  the 


feasibility  of  developing,  within  current  data  systems,  a 
comprehensive  and  reliable  means  of  identifying  "all 
reparable  and  expendable  items  which  are  used  on  a par- 
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ticular  weapon  system  [10:73]."  A study  of  the  second  area, 
that  of  updating  WRM  information  systems,  is  currently 
being  conducted  by  Carlson  and  Talbott  (2:11).  However, 
these  two  theses  (Morrison  and  Probst,  and  Carlson  and 
Talbott)  deal  with  WRM  after  the  composition  has  been  deter- 
mined. 


Policy  Guidelines — WRM 


Much  of  the  official  Air  Force  literature  is 


limited  to  assigning  responsibilities  for  the  WRM  program, 
listing  formal  reporting  procedures  and  providing  general 
criteria  for  item  selection.  The  primary  planning  docu- 
ment for  WRM  is  the  War  and  Mobilization  Plan. 

The  WRM  program  basically  states  that  wartime 
support  needs  of  the  Air  Force  are  provided  through 
use  of  peacetime  stock  plus  WRM  which  reflects  the 
amount  of  materiel  needed  to  move  from  relatively 
low  peacetime  consumption  rates  to  higher  wartime 
rates.  The  basis  for  estimating  the  change  in  rates 
is  constrained  in  the  USAF  War  and  Mobilization  Plan 
(WMP ) [17:2]. 

In  particular,  WMP-5  (War  Consumable  Factors  and 
Requirements)  puts  forth  the  factors  to  be  considered  in 
planning  for  materiel  usage  under  wartime  conditions. 
These  considerations,  as  well  as  the  WMP-4  (Wartime  Air- 
craft Activity)  provisions  dealing  with  use  of  bases  in 
wartime,  establish  the  basis  for  logistics  support 
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documents.  These  documents  provide  the  necessary  criteria 
for  prepositioning  and  forecasting  the  need  for  WRM  during 
planning  periods  (17:3).  Theoretically,  the  size  of  the 
WRM  stockpile  is  large  enough  to  provide  combat  support 
until  the  nation's  industrial  capability  is  able  to  pro- 
duce at  a rate  which  will  be  sufficient  to  keep  up  with 
consumption  (18:5). 

As  mentioned  previously,  the  objective  of  the  WRM 
program  is  to  "acquire,  preposition,  and  maintain  in  a 
serviceable  condition  WRM  to  support  wartime  activities 
in  WMP  [18:6]."  Additionally,  policy  and  responsibilities 
for  the  authorization,  stockage  objectives,  location,  dis- 
tribution, accounting,  and  management  of  WRM  are  contained 
in  AFR  400-24. 

IAFM  67-1  further  expands  on  the  responsibilities 

in  AFR  400-24  and 

. . . provides  a uniform  system  for  the  requisi- 
tioning, shipment,  issue,  assembly,  accounting, 
storage,  inspection,  maintenance,  replacement, redis- 
tribution, and  adjustment  or  establishment  and  require- 
ments of  WRM  [20:14-5]. 

The  provisions  of  AFM  67-1  are  based  on  the  major  objec- 
tives of  the  WRM  program,  supporting  national  strategy  as 
directed  by  the  Office  of  the  Secretary  of  Defense. 

Specifically,  the  AF  objective  is  to  authorize, 
acquire  on  time,  preposition,  prestock  and  maintain 
in  a serviceable  condition,  ready  for  use,  all  WRM 
needed  to  support  the  wartime  activities  specified 
in  the  WMP  [20:14-6]. 

I 
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War  Readiness  Spares  Kits  (WRSK) 

A specific  area  of  interest  in  the  consideration 
of  WRM  is  that  of  WRSK.  As  a segment  of  total  WRM,  the 
kits  are  authorized  for  units  which  have  a weapon,  support, 
or  mobile  command  and  control  system  (18:7).  Normally, 
prepositioned  with  the  using  unit,  an  aircraft  squadron's 
kit  consists  of  replacement  spares  for  use  during  periods 
of  wartime  activity  when  maintenance  is  carried  out  under 
a "remove  and  replace"  concept.  That  is,  parts  which  fail 
are  removed  from  the  aircraft  and  replaced  with  parts  from 
the  kit.  Current  Air  Force  policy  dictates  kits  designed 
to  support  thirty  days  of  wartime  operations  (18:8). 

One  of  the  earliest  studies  to  evaluate  the  compo- 
sition of  WRSK  was  conducted  by  the  RAND  Corporation  in 
1966.  RAND  developed  a model  to  compute  the  kits'  composi- 
tion for  the  Air  Defense  Command's  (ADC)  use  at  their  dis- 
persal sites  (1:1).  A second  study  was  completed  in  1968 
by  RAND  for  the  purpose  of  designing  a model  to  compute 
WRSK  requirements  for  the  Air  National  Guard  (ANG)  (1:1). 
The  models  for  ADC  and  ANG  differed  in  that  the  ANG 
operated  under  a fight  in  place  concept,  while  ADC  employed 
dispersal.  ANG,  then,  was  able  to  supplement  war  reserve 
spares  with  normal  day-to-day  assets.  Both  models  were 
designed  to  optimize  aircraft  operational  rates. 


A 1975  Saber  Readiness  Report'*'  detailed  the  results 
of  a study  of  the  policy  and  procedures  under  which  WRSKs 
are  provided  to  those  USAF  units  which  are  subject  to 
deployment  under  contingency  conditions  (18:15).  The 
intent  of  the  research  was  to  examine  Air  Force  policies 
and  procedures  in  order  to  determine  if  methods  existed 
by  which  the  amount  of  money  invested  in  WRSK  could  be 
reduced  without  lowering  the  effectiveness  of  support.  The 
basic  alternatives  examined  included  the  early  deployment 
of  intermediate  maintenance,  the  reduction  of  average 
resupply  time,  and  the  pooling  of  WRSKs  for  the  squadrons 
in  a wing  into  one  unit  (18:53). 

Justification  for  Research 

In  an  era  when  budgetary  constraints  have  imposed 
severe  limitations  upon  resource  investments,  there  is  a 
continued  emphasis  on  examining  ways  in  which  current  pro- 
grams can  be  re-evaluated  and  made  more  cost-effective. 

The  dollar  value  of  WRM  stockpiles  amounted  to  $3.2  billion 
as  of  July,  1975  (2:2),  indicating  an  area  in  which  there 
is  a high  potential  for  savings  through  increased  effi- 
ciency. As  the  costs  for  new  weapon  systems  have  spiraled, 
the  costs  of  the  WRSKs  for  these  systems  have  also  increased. 
For  example,  the  price  tag  for  an  F-15  squadron  WRSK  is 

"'"The  Saber  Readiness  series  of  studies  is  concerned 
with  selected  aspects  of  USAF  war  readiness.  This  par- 
ticular study  was  undertaken  in  response  to  a request  by 
the  Deputy  Chief  of  Staff,  Systems  and  Logistics,  Hq.  USAF. 


nearly  $31  million  compared  to  approximately  $4.1  million 
for  an  A-7D  squadron  (16)  . 
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In  a personal  interview,  Mr.  C.  C.  Hively,  Chief 
of  Programs  Evaluation,  Office  of  Logistics  Plans  and  Pro- 
grams, AFLC,  stated,  "The  area  of  WRSK  is  one  of  the 
hottest  areas  of  interest  in  the  WRM  program  due  to  the 
uncertainties  and  high  costs  associated  with  WRSK  [8]." 

Past  studies  have  shown  that  cost  savings  are  possible. 

For  example,  a 1968  RAND  study  indicated  a potential  forty 
percent  savings  when  sensitivity  analysis  was  used  to 
design  a kit  supplemented  by  peacetime  assets  (l:vi) . 
Another  study  demonstrated  that  analytical  modeling  tech- 
niques could  offer  management  the  ability  to  incorporate 
improved  methods  of  managing  resources  (15:24). 

The  WRM  program  is  based  on  procedures  that  have 
existed  and  been  perpetuated  through  habit  since  1946 
(3:12).  The  requirements  determination  process  has  relied 
heavily  on  determining  tomorrow's  needs  on  yesterday's 
usage  (16).  Stockpiling  of  unnecessary  materiel  is  costly. 
Consequently,  an  investigation  into  means  of  improving  the 
WRSK  program  could  have  beneficial  effects  on  improving 
the  overall  defense  effort  of  the  Department  of  Defense. 


Obi ective 


The  objective  of  this  thesis  is  to  examine  the 


systems  management  approach  to  determining  WRSK  composition. 
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This  objective  is  accomplished  by  formulating  a resource 
allocation  model  designed  to  allocate  a WRSK  budget  among 
the  items  in  the  kit  in  such  a way  that  the  total  expected 
number  of  fills  for  all  items  is  maximized. 


CHAPTER  II 

RESEARCH  METHODOLOGY 
Introduction 

War  Reserve  Materiel  encompasses  a wide  and  varied 
range  of  aspects.  In  light  of  the  high  costs  involved  with 
the  extensive  investment  in  WRM,  there  is  a continued 
emphasis  on  finding  more  cost-effective  methods  of  deter- 
mining and  acquiring  the  items  for  the  WRM  program.  Of 
particular  interest  is  a means  of  optimizing  resource 
utilization  in  the  area  of  War  Readiness  Spares  Kits.  The 
objective  of  this  research  is  to  examine  a concept  of 
improving  the  design  of  WRSKs  and  consequently  a more 
efficient  use  of  assets  to  support  wartime  operations.  An 
analytical  model  is  used  to  examine  an  alternate  means  of 
constructing  WRSKs  and  comparing  its  costs  with  the  cost 
of  current  WRSK  composition  policy. 

The  Universe  Under  Consideration 
As  discussed  earlier,  WRM  includes  materiel  which 
has  been  collected  prior  to  the  time  of  intended  use  and 
prepositioned  in  accordance  with  prescribed  programs  and 
schedules.  The  WRM  program  provides  for  the  eventuality 
when  wartime  requirements  of  the  Air  Force  will  be  provided 
for  through  the  use  of  peacetime  stock  plus  WRM.  In 
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general,  War  Reserve  Materiel  reflects  the  anticipated 
amount  of  materiel  needed  to  change  from  lower  peacetime 
consumption  rates  to  higher  wartime  rates.  Within  the  con- 
text of  this  research,  the  universe  under  consideration 
includes  the  three  general  classes  of  materiel  which  make 
up  WRM : 

1.  The  first  class  includes  items  designated  for 
use  in  combat  operations;  i.e.,  ammunition,  drop  tanks, 
petroleum,  and  other  related  items  sometimes  referred  to 
as  "war  consumables"  (17:4). 

2.  The  second  class  of  materiel  is  comprised  of 
items  whose  consumption  rises  sharply  under  combat  condi- 
tions; i.e.,  aircraft  spare  parts,  hardware,  and  many 
reparable  type  items  directly  used  in  combat  or  combat 
supported  actions  (17:4). 

3.  The  final  category  of  WRM  includes  equipment 
items  which  have  to  be  readily  available  to  meet  the  ini- 
tial surge  of  demand  when  shifting  from  peacetime  to  full 
combat  status.  These  items  are  prepositioned  and  prestocked 
to  be  available  for  timely  utilization  (17:4). 

The  Population  of  Interest 

War  Readiness  Spares  Kits  fall  into  the  category 
of  WRM  whose  item  consumption  rises  greatly  under  combat 
conditions.  As  an  integral  part  of  the  total  WRM,  WRSKs 
are  authorized  for  specific  units  which  have  a weapon, 


support,  or  mobile  command  and  control  system,  "and  which 
are  tasked  in  the  USAF  WMP  for  inter-theater  deployment 
with  subsequent  employment  operations  prior  to  D plus  30 
days  [18:7]."  WRSKs  are  normally  prepositioned  with  the 
using  unit  and  consist  of  those  spares  to  be  used  during 
a "remove  and  replace"  maintenance  concept.  The  kits  are 
intended  to  provide  supply  support  for  thirty  days.  The 
population  of  interest  includes  all  War  Readiness  Spares 
Kits. 


The  Sample  of  Interest 

For  the  purpose  of  evaluating  various  policies 
affecting  WRSK  composition  and  costs,  A-7D  WRSKs  are  used 
as  the  sample.  The  current  A-7D  WRSK  contains  238  line 
items.  The  quantity  per  line  item  ranges  from  1 to  24, 
and  the  dollar  value  of  this  kit  is  $4,153,549  (18:18). 

The  use  of  the  A-7D  WRSK  is  a sample  of  convenience. 
Although  the  results  derived  from  the  model  during  this 
research  depend  upon  the  input  data  obtained  from  a spe- 
cific weapon  system,  the  results  are  not,  in  any  way,  an 
indication  that  the  model  is  system  dependent.  The  model 
evaluated  is  a model  of  an  inventory  system  which  is  used 
by  all  weapon  systems;  consequently,  the  findings  of  this 
research  effort  can  be  generalized  to  all  WRSK  in  the  popu- 


lation. 
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Research  Desian:  Introduction 


. / 

This  research  uses  mathematical  approaches  similar 

to  earlier  work  on  base  stockage  models  and  design  of  War 
Reserve  Spares  Kits.  In  this  model  the  function  of  normal 
operating  assets  is  considered  in  the  supplementing  of 
WRSKs.  The  model  is  used  to  solve  the  following  type  of 
optimization  problem:  find  the  WRSK  composition  that  maxi- 
mizes expected  fills  as  the  measure  of  the  level  of  pro- 
tection the  kit  is  to  provide  subject  to  a budget  constraint. 

An  essential  feature  of  this  research  is  the  systems 
approach  used  in  evaluating  WRSK  composition.  This  method 
provides  significant  advantages  over  the  traditional  item 
approach  currently  used  to  determine  the  makeup  of  WRSK. 

Item  analysis  provides  allocation  decisions  which  do  not 
consider  a specific  system  objective,  but  rather  an  objec- 
tive for  each  item.  Because  of  this,  the  item  approach  can 
not  measure  what  happens  to  the  total  system  when  a change 
is  made;  i.e. , the  effect  of  a change  in  the  stock  level 
of  an  item  upon  the  fill  rate  of  the  system.  In  conjunc- 
tion with  this  deficiency,  the  amount  of  investment 
required  to  attain  a specified  level  of  supply  performance 
is  not  addressed  by  item  analysis. 

The  research  design  used  in  this  model  is  based 
upon  techniques  used  in  RAND  reports  authored  by  Feeney 
and  Sherbrooke  (references  4 and  5).  Essentially,  the 
method  involves  the  use  of  the  ratio  of  fill  value  to 
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investment  cost  as  a management  control  variable  (5:5). 

By  selecting  different  control  ratios,  various  levels  of 
system  performance  and  system  investment  can  be  realized. 
Each  of  these  alternative  levels  will  provide  maximum  sys- 
tem performance  for  the  associated  system  investment. 

The  authors  state  that  the  major  advantages  of 
their  techniques  are  that  it  shows  what  level  of  system 
performance  can  be  achieved  for  a given  budget  and  provides 
a standard  against  which  actual  performance  can  be  measured. 
This  approach  is  also  a means  of  keeping  a system  within  a 
desired  budget  and  can  be  used  to  justify  budget  require- 
ments by  displaying  the  effects  that  changes  in  budget 
have  upon  total  system  performance.  Similarly,  the  control 
ratio  can  be  used  as  a management  tool  to  strive  for 
equilibrium  in  the  face  of  changing  demands  on  the  system 
(4:32). 

Along  with  the  emphasis  on  systems  analysis,  a 
more  comprehensive  approach  to  demand  analysis  can  be  used 
in  determining  stockage  policies.  Traditionally  demand 
analysis  considered  the  past  issue  rate  of  an  item  (demand 
observed  over  some  past  period  divided  by  the  length  of 
the  period)  and  assumed  that  future  demand  would  be  close 
to  that  level.  However,  such  an  approach  is  appropriate 
only  if  adequate  past  demand  history  is  available.  Many 
items,  particularly  low  demand,  high  cost  items  do  not 
possess  the  necessary  requirements  for  such  analysis  (5:10). 


An  approach  to  demand  analysis  based  on  Bayesian 
Inference  has  been  developed  to  take  advantage  of  system 
interrelationships  (5).  By  analyzing  the  behavior  of  all 
items  in  the  system,  several  significant  advantages  are 
realized.  The  likelihood  has  been  decreased  of  overesti- 
mating demand  and  buying  too  much  because  of  a random  surge 
in  demand  or  buying  too  little  because  of  a random  decline 
in  demand.  Secondly,  use  of  Bayesian  Inference  eliminates 
many  of  the  policy  problems  encountered  with  items  possess- 
ing low  demand  or  unstable  demand  patterns  (5:10). 

Although  explicit  use  of  this  technique  is  not  used  in  this 
research,  the  influence  of  Bayesian  Inference  is  manifested 
in  the  research  material  extracted  from  the  various  RAND 
reports  and  its  inclusion  in  the  model  presented  here  is 
straightforward . 

The  argument  for  the  systems  approach  in  this 
research  is  clear. 

. . . supply  operations  are  complex  systems  involv- 
ing interrelated  decisions  on  thousands  of  line  items. 
In  fact,  supply  management  is  system  management  in  the 
fullest  sense.  System  analysis,  the  study  of  the  rela- 
tionship between  the  behavior  of  a system  and  the 
behavior  of  its  parts,  presents  significant,  new 
opportunities  for  profitable  innovation  in  supply  man- 
agement [5:1]. 


Measures  of  Supply  Performance 
Numerous  performance  criteria  exist  for  the  purpose 
of  measuring  the  effectiveness  of  materiel  stockage  poli- 
cies. In  general,  emphasis  is  placed  upon  the  consequences 
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of  not  having  an  item  available  when  it  is  needed.  Any 
demand  that  cannot  be  met  from  stock  on  hand  is  considered 
to  be  in  a backorder  condition.  Several  of  the  relevant 
measures  of  item  supply  performance  are  defined  below. 

Each  is  a function  of  the  total  supply  level  of  spare 
stock. 

1.  Ready  rate  is  the  probability  that  an  item 
observed  at  a random  point  in  time  has  no  backorders. 

2.  Backorders  refers  to  the  number  of  demands 
which  cannot  be  satisfied  from  stock  on  hand. 

3.  Operational  rate  is  the  probability  that  no 
item  in  the  system  has  a backorder  at  a random  point  of 
time. 

4.  Fills  is  a measure  of  the  expected  number  of 
units  demanded  per  time  period  for  an  item  that  can  be 
filled  immediately  from  stock  on  hand. 

Each  of  the  definitions  is  standard  throughout 
stockage  policy  terminology.  For  the  sake  of  consistency, 
the  wording  of  the  definitions  is  that  used  by  Feeney  and 
Sherbrooke  (4).  Each  of  the  system-performance  measures 
is  obtained  as  the  sum  of  the  item-performance  measures. 
Previous  research  shows  that  any  of  the  four  performance 
criteria  will  lead  to  stock  levels  that  are  nearly  optimal 
with  respect  to  the  other  three  criteria  when  computed 
under  similar  conditions  (4:18). 
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For  the  purposes  of  this  research,  the  criterion 
of  expected  fills  is  the  most  applicable.  Due  to  the  nature 
of  the  situation  being  considered;  i.e.,  the  ability  of  a 
War  Reserve  Spares  Kit  to  meet  immediate  demands,  the 
criteria  dealing  with  backorders  do  not  provide  the  desired 
relevant  measure.  Furthermore,  fills  is  the  most  familiar 
performance  measure  to  the  Air  Force  and  is  relatively  easy 
to  measure  (4:18) . 


Research  Hypothesis 

The  systems  approach  to  resource  management  results 
in  an  improved  WRSK  support  posture  relative  to  that  pro- 
vided by  present  policy.  Furthermore,  the  systems  approach 
provides  decision  makers  the  capability  to  make  cost- 
effectiveness  tradeoff  analyses  on  the  composition  of  the 
mobility  kits  as  budget  authorizations  change. 

Present  WRSK  Policy 

Quantities  currently  in  the  WRSK  are  determined  by 
multiplying  the  expected  number  of  flying  hours  by  the  item 
demand  rate  and  by  the  quantity  needed  per  aircraft,  pro- 
ducing the  expected  number  of  demands  during  the  thirty- 
day  period.  This  computation  also  takes  into  account  past 
experience  of  weapon  system  managers,  the  using  activities, 
and  the  manufacturer.  The  various  data  elements  used  in 
the  computations  are  extracted  from  the  AFLC  D041  system. 
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WRSKs  are  designed  to  support  a deployed  squadron  for  a 
period  of  thirty  days  without  resupply  (18:142). 
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Model  Design 

The  model  used  in  this  research  has  as  its  primary 
objective  the  maximization  of  the  sum  of  expected  fills 
for  all  items  in  a War  Reserve  Spares  Kit  subject  to  a 
budget  constraint.  In  designing  the  model,  two  significant 
assumptions  were  considered.  First,  resupply  is  not  being 
used  to  improve  the  supply  performance  of  the  WRSK;  hence, 
the  model  considers  only  the  operating  location  and  is,  as 
a result,  a single-echelon  inventory  model.  Second,  demand 
is  assumed  to  be  described  by  a simple  Poisson  distribution 
rather  than  a compound  Poisson  distribution.  The  compound 
distribution  is  appropriate  when  sympathetic  removals  are 
considered,  or  when  the  probability  of  compound  failures  is 
high.  This  assumption  tends  to  bias  the  model  to  a small 
degree,  but  it  is  assumed  that  this  bias  will  be  offset 
by  the  effects  of  attrition  of  aircraft  during  battle. 

The  desired  objective  is  to  maximize  the  sum  of 
expected  fills,  which  can  be  stated  symbolically  as: 


maximize  I F . (s . ) 

j=l  3 3 


subject  to  the  system  (kit)  budget  constraint, 


Z c.s.  < C , 

j-1  3 3 
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where 


s . = 


c . = 


Cm  = 


F: <sj’ 


stock  level  of  item  j , 

unit  cost  of  item  j , 

total  budget  limit  for  the  kit, 

total  number  of  different  items  in  the 
kit,  and 

expected  fills  for  item  j when  s.  units  are 
in  the  kit.  3 


If  p(Xj|Xj)  is  the  probability  of  observing  Xj 
demands  for  item  j when  its  mean  demand  is  A ^ for  the 
support  period,  then  the  expected  fills  for  item  j can 
be  written  as: 


s . -1 
3 

F.(s.)  = I x.p(x.[A.)  + s.  E p (x . | A . ) 


3 J 


v° 


3 3 1 3 


x . =s  . 
J J 


J ' 3 


This  problem  is  an  integer,  nonlinear  programming 
problem  and  can  be  solved  easily  by  noting  that  the  first 
forward  differences  of  the  Fj(Sj)  are  monotonically 
decreasing  and  are  given  by: 


F.  (s.+l)  - F . ( s ■ ) = 1 - Z p (x  . | A . ) 

j J J J Xj=0  J 3 


The  Lagrangian  version  of  this  problem  is: 


N 


N 


Max  Z {F.  (s.)  - 8c.  s.}  = Z Max  {F.  (s.)  - 9c.  s • , 


j-1 


3 3' 


1 3 


j = l 


3 3 


3 3 


where  9 is  the  Lagrange  multiplier  (ratio  of  expected 
fills  to  investment) . 
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This  problem  is  separable  and,  for  each  item  j, 
the  interior  problem  is  solved  by  finding  the  largest 
integer  Sj  satisfying: 

F j (Sj+1)  - Fj  (s.)  > 9 c j . 

Since  the  first  forward  differences  of  Fj(Sj)  are 
monotonically  decreasing,  F^(Sj)  is  concave  in  Sj  and 
the  maximum  value  of  the  objective  function  is  unique. 

Algorithm  for  Maximizing  Expected  Fills 
The  solution  to  the  problem  introduced  in  the 
Model  Design  section  is  reduced  to  a one  dimensional 
search  for  9*,  since  the  optimal  value  of  9 will  determine 
the  optimal  Sj  values.  Fox  and  Landi  (6)  describe  a 
method  which  bounds  9*;  but  experience  has  shown  that 
this  approximation  technique  can  be  troublesome  (11) . 

Since  each  value  of  9 defines  an  optimal  allocation  for 
some  budget  value,  it  is  more  meaningful  to  use  9 as  a 
management  control  variable  as  suggested  by  Sherbrooke 
(5)  . 

By  allowing  9 to  vary  between  zero  and  some 
upper  limit,  a cost-effectiveness  curve  can  be  generated 
which  illustrates  the  relationship  between  supply  per- 
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The  following  set  of  steps  describes  the  algorithm 
used  to  develop  the  cost-effectiveness  curve: 

1.  Set  9 equal  to  the  reciprocal  of  the  largest 
unit  cost  in  the  kit. 

2.  For  each  item  j,  find  the  s ^ maximizing 
F j (s j ) - ^cjsj  and  compute  the  kit  investment. 

3.  Vary  9 and  repeat  steps  1 and  2.  (Note: 
increasing  9 will  decrease  the  investment  and  vice  versa.) 

Data  Base,  Collection,  and  Validity 

AFLCM  57-3  (Recoverable  Consumption  Item  Require- 
ments System  [D041] ) provides  guidance  for  the  computation 
of  expendable  investment  recoverable  spares  (19:1-1). 

The  data  collected  through  its  detailed  procedures  reflect 
the  average  materiel  support  requirements  for  Air  Force 
operations.  Procedures,  forms,  computation  worksheets, 
and  backup  data  developed  in  the  process  constitute  the 
official  record  to  substantiate  the  procurement  program 
and  other  logistics  action.  An  automated,  centralized  file 
of  item  data  has  been  established  for  use  by  AFLC  Head- 
quarters, and  is  designed  to  accomplish,  among  other 
things,  the  following: 

(a)  Perform  the  routine  clerical,  mathematical, 
and  statistical  workload  involved  in  computing  recoverable 
item  requirements. 
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(b)  Forecast  gross  and  net  requirements  using 
past  and  future  programs,  usage  history,  and  asset  informa- 
tion maintained  within  this  system  (19:2-1). 

(c)  Serve  as  a source  of  current  input  data  for 
use  in  problem  solution,  simulation  studies,  and  other 
management  decisions  (19:1:36). 

The  data  bank  includes,  for  example,  budget  codes,  base 
repair  cycle,  depot  repair  cycle,  order  and  ship  time, 
failure  rates,  base  repair  rates,  and  reparable  genera- 
tions for  past  and  future  programs  from  which  was  extracted 
the  required  data  for  each  line  item  of  the  A-7D  WRSK. 

The  data  were  catalogued  by  product  number  and  can  be 
accessed  via  the  CREATE  system  (19:2-3).  The  required 
failure,  repair,  and  probability  rates  of  each  of  the  238 
line  items  was  collected  and  grouped  by  item  for  appli- 
cation to  the  model. 

Failure,  replacement,  condemnation  and  other  reli- 
ability or  maintainability  rates  are  developed  on  the  basis 
of  past  usage  and  program  data  accumulated  over  a standard 
time  period.  The  time  period  is  referred  to  as  the  base 
period  and  is  normally  the  last  twenty-four  months 
(19:1-4).  Therefore,  the  data  collected  for  this  analysis 
consists  of  all  failure  rates,  repair  times,  etc.  that  have 
been  recorded,  compiled,  and  computed  for  each  item  of 
interest  during  the  most  recent  two-year  period.  Since 
all  of  the  items  in  the  A-7D  WRSK  have  been  in  the  inventory 


for  more  than  two  years,  the  DO 41  data  bank  reflects,  in 
the  long  run,  a sample  of  convenience  of  failure,  repair, 
shipping,  etc.  rates.  That  is,  the  data  representing 
such  rates  for  the  history  of  each  WRSK  item  have  been 
lost  to  the  system,  and  reliance  for  valid  data  is  made 
on  the  two-year  sample  of  convenience. 

The  basic  assumption  related  to  the  use  of  D041 
data  is  that  it  reflects  accurate  maintenance  and  relia- 
bility rates.  This  assumption  can  be  justified  by  a brief 
explanation  of  the  quality  control  system  functioning 
within  the  AFLC  requirements  system.  The  Directorate  of 
Materiel  Management  item  manager  (IM)  is  responsible  for 
maintaining  current  and  valid  data  for  assigned  items 

4 

(19:5-1).  This  responsibility  includes  the  surveillance 
of  data  provided  by  source  systems,  the  preparation  of 
appropriate  file  maintenance  forms,  the  review  of  output 
products  provided  by  the  system  (D041) , and  actions  indi- 
cated by  these  system  products.  Each  IM  is  directed  to 
exercise  "extreme  care  to  insure  the  accuracy  of  data 
input  to  the  requirements  computation  process  [19:1-36]." 
For  example,  the  Depot  Repair  Cycle  Management  System 
(G068)  furnishes  quarterly  information  to  the  IM  for 
review  and  comparison  between  the  actual  repair  cycle 
number  of  days  and  the  number  of  days  used  in  D041  compu- 
tation (19:1-7).  Data  are  provided  as  a tool  for  use  in 
determining  whether  to  update  the  depot  repair  cycle  in 
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the  requirement  file,  or  take  other  action.  Similarly, 
each  Air  Logistics  Center  (ALC)  is  directed  to  take  all 
appropriate  actions  to  insure  the  establishment  and  main- 
tenance of  effective  local  controls  over  input  to  the 
requirements  computation. 

The  validity  of  the  data  is  also  strengthened  and 
kept  current  through  a detailed  process  which  includes 
the  following  (19:5-1): 

(a)  Assets  and  usage  data  are  maintained  by  cur- 
rent stock  number.  Only  records  with  significant  data 
are  maintained. 

(b)  A twenty-four  months  item  past  program  history 
record  is  maintained  for  each  item  application.  Three 
months  of  new  data  are  generated  quarterly  and  the  oldest 
three  months  of  data  are  dropped. 

(c)  Factors  used  in  the  computation  of  require- 
ments are  either  computed  or  maintained  from  manually 
prepared  transactions  during  each  file  maintenance 
process . 

As  a final  verification  of  D041  data,  error  lists 
reflecting  various  data  elements  which  do  not  conform  to 
specified  standards  established  by  AFLC  are  output  from 
the  data  bank.  These  stock  number  listings  are  provided 
to  the  individual  item  managers  of  each  ALC,  who  review 
them  and  take  the  necessary  action  to  correct  any  errone- 
ous data  (19:1-36).  These  actions  are  considered 
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essential  as  a means  of  improving  the  quality  of  require- 
ments within  the  D041  system. 
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Testing  the  Hypothesis 

The  research  hypothesis  has  been  stated  as:  the 
systems  approach  is  a more  effective  means  of  determining 
WRSK  composition  than  current  policy.  To  test  this 

' 

hypothesis,  an  analytical  model  is  used  to  evaluate 
present  WRSK  policy  in  terms  of  the  level  of  expected 
fills  (or  system  fill  rate)  it  provides.  If  the  method 
developed  here  provides  a higher  level  of  support  for  the 
same  investment  than  is  obtained  by  present  policy,  then 
the  hypothesis  will  be  supported. 

Summary  List  of  Assumptions 

1.  The  quantity  demanded  for  an  item  in  a fixed 
period  is  assumed  to  follow  a stationary  probability  dis- 
tribution. In  particular,  the  form  of  the  assumed  distri- 
bution is  Poisson. 

2.  The  quantity  demanded  for  an  item  is  independent 
of  other  items.  This  assumption  is  valid  as  long  as  there 
are  not  many  complex  relations  among  replaceable  items. 

3.  The  wartime  demand  does  not  depend  on  the  num- 
ber of  serviceables  that  might  be  available  from  day-to- 
day  operating  stocks. 


4.  Items  to  be  considered  for  inclusion  in  the 
kits  are  equally  essential  for  all  missions. 
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5.  Lateral  resupply  of  items  will  not  be  employed. 

6.  Sortie  capability  of  a deployed  squadron  will 
be  proportional  to  the  number  of  operationally  ready  air- 
craft. 

7.  Cannibalization  of  aircraft  parts  will  not  be 
considered. 

8.  Installed  items  will  fail  at  random. 

9.  Items  will  fail  independently  of  each  other. 

Summary  List  of  Limitations 

1.  The  results  of  this  research  are  applicable  to 
all  mobility  operations  for  the  period  of  activity  prior 
to  the  establishment  of  a resupply  capability. 

2.  As  with  any  analytic  model,  the  accuracy  of 
the  results  are  limited  by  the  accuracy  of  the  forecasted 
values  of  the  input  parameters. 


CHAPTER  III 


RESEARCH  APPROACH 
Introduction 

The  A-7D  WRSK  was  the  kit  selected  for  evaluation. 

A listing  of  the  items  in  the  current  A-7D  WRSK  was  obtained 
from  a Saber  Readiness  Report  (18:120-125)  and  is  presented 
in  Appendix  A.  A sortie  duration  of  2.5  hours  was  used 
for  each  of  twenty-four-unit  equipment  aircraft  over  the 
thirty-day  deployment  period. 

Determination  and  evaluation  of  the  fill  rate  of 

various  WRSK  compositions  was  accomplished.  The  model  used 

| ... 
for  maximizing  expected  fills  is  found  m Appendix  B. 

Another  program  was  constructed  for  determining  the  fill 

rate  of  the  current  A-7D  WRSK.  This  program  is  found  in 

Appendix  C. 

The  objective  of  the  model  used  in  this  research 
was  the  maximization  of  expected  fills  based  on  the  main- 
tenance data  on  A-7D  WRSK  items  obtained  from  the  D041 
system.  The  results  from  the  model  are  found  in  Appendix 
D. 


Evaluation  of  A-7D  WRSK 

To  establish  a starting  point,  or  base  case,  upon 
which  to  begin  analysis,  the  current  A-7D  WRSK  was 
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evaluated  to  determine  its  fill  rate.  The  present  kit, 
consisting  of  238  line  items,  ranging  from  one  to  twenty- 
four  in  quantity  per  line  item,  and  costing  $4,153,549, 
yielded  a fill  rate  of  55  percent.  This  fill  rate  was 
based  solely  on  the  demand  rates  indicated  in  Appendix  C. 
No  assumptions  such  as  air  resupply,  cannibalization, 
etc.,  were  made.  Hence,  the  current  WRSK  was  evaluated 
under  the  worst  possible  conditions  for  a thirty-day 
deployment. 

Management-Control  Variable 

The  thrust  of  the  approach  used  in  this  research 
was  to  account  for  the  system  implications  of  item  deci- 
sions ajtd  to  allow  for  the  choice  of  a system  policy  that 
can  be  implemented  at  the  item  level.  The  choice  of  an 
optimum  policy  would  have  been  a simple  matter  if  the 
value  of  a fill  were  easily  determinable.  If  the  item 
fill  value  were  known,  then  the  solution  to  the  problem 
of  budget  allocation  would  be  determined  by  selecting 
the  stock  levels  which  maximize  the  net  value  of  the  fills 
provided  by  that  stock.  However,  the  value  of  a fill  is 
quite  subjective  for  problems  involving  DOD  resources 
and  an  alternative  technique  should  be  employed. 

Rather  than  attempting  to  establish  an  actual 
ratio  of  fill  value  to  investment  for  each  item,  a 
desired  ratio  can  be  established  and  used  as  a management- 
control  variable.  In  other  words,  by  specifying  a value 


for  this  ratio,  the  model  can  allocate  a budget  among  all 
of  the  items  in  the  kit  in  such  a manner  that  the  ratio 
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of  fill  value  to  investment  is  the  same  for  each  item  in 
the  kit.  This  is  reasonable  if  it  is  assumed  that  each 
item  in  the  kit  is  equally  essential  to  the  mission. 

Figure  1 depicts  the  values  obtained  from  the 
model  when  it  was  run  to  maximize  expected  fills  for  the 
items  in  the  current  A-7D  WRSK  for  a thirty-day  period. 


o 


System  Performance  versus  Investment  for  A-7D  Kit 


CHAPTER  IV 


DATA  ANALYSIS,  CONCLUSIONS,  AND  RECOMMENDATIONS 
Data  Analysis 

Computer  runs  conducted  during  this  research  pro- 
vided data  on  fill  rates  and  associated  budgets  under  vary- 
ing conditions.  The  following  figures  were  extracted  to 
highlight  significant  results  (see  Appencices). 


Table  1 

Examples  of  Results 


Method 

Fill  Rate 

Investment 
(Millions ) 

Current  Method 

.55 

4.2 

Systems  Model 

. 56 

0.  5 

.79 

2.0 

.90 

4.1 

.95 

6.0 

The  above  data  reveals  the  disturbing  fact  that 
current  WRSK  policy  would  not  permit  a deployed  squadron, 
which  has  been  completely  detached  from  routine  supply 
channels,  to  perform  its  mission  for  the  desired  thirty-day 
period.  With  only  55  percent  fill  rate,  the  present  sys- 
tem would  inevitably  ground  a large  portion  of  the  squadron 
within  a short  time. 
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The  current  A-7D  War  Readiness  Spares  Kit  contains 
at  least  one  of  each  of  the  238  items  regardless  of  the 
item's  unit  cost  or  expected  demand  rate.  An  examination 
of  the  listing  of  the  line  items  readily  reveals  certain 
inadequacies  about  the  stockage  policy  used  to  build  the 
WRSK.  For  example,  from  Appendix  C,  the  expected  thirty- 
day  demand  for  item  18  is  17.6  units,  yet  the  quantity 
stocked  is  three.  Item  113  has  an  expected  demand  of  22 
units  with  only  three  stocked.  Likewise,  item  33  has  an 
expected  demand  of  57.6  units,  but  only  24  are  stocked. 
Numerous  other  similar  shortages  exist.  On  the  other  hand, 
many  authorized  items  have  an  extremely  small  expected 
demand  rate,  yet  are  nevertheless  contained  in  the  kit  in 
what  appears  to  be  unwarranted  quantities.  Item  71  has 
only  a .0018  expected  demand  rate  for  thirty  days  with  six 
units  stocked.  Many  items  have  less  than  a .1  demand  rate 
for  thirty  days,  yet  the  WRSK  contains  at  least  one  of 
each  of  these  items,  regardless  of  their  unit  cost. 

A look  at  the  cost  associated  with  achieving  dif- 
ferent levels  of  fill  rates  gives  further  evidence  of  the 
inefficiencies  of  the  current  policy.  The  present  WRSK 
provides  a fill  rate  of  55  percent  for  4.2  million  dollars, 
whereas  the  concept  of  maximizing  expected  fills  provides 
a 90  percent  fill  rate  for  the  same  cost  (Table  1) . 

Hence  for  the  same  level  of  investment,  maximization  of 
fills  provides  a higher  level  of  performance  than  current 
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policy  and  is  therefore  mere  cost-effective  as  defined  in 
Chapter  II  under  the  section  Testing  the  Hypothesis.  The 
alternative  way  to  look  at  these  results  is  to  compare 
the  investments  required  by  the  two  methods  to  achieve  the 
same  level  of  performance.  Whereas  the  current  method  can 
satisfy  55  percent  of  the  demands  for  $4.2  million,  the 
method  of  maximizing  expected  fills  can  satisfy  55  percent 
of  the  demands  for  only  $400,000. 

Conclusions 

The  systems  approach  used  in  this  research  pro- 
vided a means  of  evaluating  the  effect  of  stockage  deci- 
sions upon  the  total  performance  of  the  WRSK.  Evaluation 
of  system  fill  rates  showed  that  WRSKs  could  be  designed 
to  be  more  effective  and  efficient  than  present  WRSKs. 

The  method  of  maximizing  expected  fills  permitted  a sub- 
stantial reduction  in  cost  for  the  same  performance  level 
or  a much  higher  level  of  support  for  the  cost  of  current 
WRSKs . 

It  appears  that  the  items  included  in  the  A-7D 
WRSK  were  put  into  the  kit  in  an  arbitrary  fashion  regard- 
less of  cost  or  expected  demand  rate.  By  placing  at  least 
one  of  each  authorized  item  into  the  kit,  mission  support 
has  been  degraded  and  a large  sum  of  money  invested  for  a 
low  level  of  performance.  The  argument  for  including  each 
of  these  authorized  items  "just  in  case"  is  rather  tenuous 
and  could  be  carried  to  the  extreme  of  carrying  one  of  every 
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item  on  the  aircraft.  Such  a policy  would  be  prohibitively 
costly.  As  demonstrated  by  the  application  of  the  systems 
approach,  a more  effective  means  of  supporting  a deployment 
exists. 

An  important  feature  of  current  WRSK  policy  is 
the  assumption  that  aerial  resupply  will  be  available  on 
the  thirty-first  day  of  the  deployment.  The  data  obtained 
in  this  research  demonstrate  the  unlikeliness  that  current 
WRSK  would  be  able  to  keep  an  entire  squadron  flying  while 
awaiting  resupply.  An  obvious  solution  to  the  problem 
would  be  resupply  on  the  first  day.  However,  since  this 
is  not  feasible,  WRSK  ought  to  be  either  designed  to  pro- 
vide support  for  the  full  thirty  days  or  policy  changed  to 
redefine  the  deployment  time  span. 

Recommendations 

In  light  of  the  results  obtained  from  this 
research,  the  following  recommendations  are  presented: 

1.  Use  a systems  approach  to  determine  the  effect 
of  stockage  decisions  on  total  system  performance. 

2.  Reconsider  the  thirty-day  time  period  that 

has  been  used  for  years  as  the  standard  deployment  duration. 

3.  Consider  possible  alternatives  to  improve 
support  performance  during  the  deployment  phase. 

4.  Pursue  the  possibility  of  incorporating  the 
concept  of  maximizing  expected  fills  into  the  Saber  Readi- 


ness model. 


Summary 


As  a consequence  of  the  continuing  emphasis  on 
the  cost-effectiveness  of  WRSK,  the  subject  of  WRSK  composi- 
tion was  deemed  to  be  a fertile  area  for  research.  To 
acquire  background  for  the  research  the  history  of  WRM 
and  WRSKs  was  revised  and  the  current  WRSK  policies  were 
examined.  The  research  was  conducted  in  the  following 
manner: 

1.  The  need  for  the  research  was  established. 

2.  A case  was  built  for  using  the  systems 
approach  in  stockage  policy. 

3.  A mathematical  model  was  developed  to  maxi- 
mize expected  fills. 

4.  Two  programs  were  developed  to  evaluate  fill 

rates . 

5.  The  data  generated  by  the  model  and  the  pro- 
grams were  used  to  show  the  advantages  of  constructing 
WRSKs  by  using  the  systems  approach,  in  particular,  the 
maximization  of  expected  fills  for  the  total  WRSK. 
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AFIT  RliSr  MIC  1 .XSSiiSS'-u.L'CT 

The  purpose  of  this  vines tionnaire  is  to  determine  the  potential  for  current 
and  future  applications  of  ART  thesia  research.  Please  return  completed 
questionnaires  to:  AFIT/SLCR  (Tliesis  Feedback) , Wr ight- Patterson  AFB, 

Ohio  43433. 

1.  Did  this  research  contribute  to  a current  Air  Force  project? 

a.  Yes  b.  No 

2.  Do  you  believe  this  research  tonic  is  significant  enough  that  it  would 
have  been  researched  (or  contracted)  by  your  organization  or  another  agency 
if  AFIT  had  not  researched  it? 

a.  Yes  b.  No 

3.  The  benefits  of  AFIT  research  can  often  be  exoressed  by  the  equivalent 
value  that  your  agency  received  by  virtue  of  AFIT  performing  the  research. 

Can  vou  estimate  what  this  research  would  have  cost  if  it  had  been 
accomplished  under  contract  or  if  it  had  been  done  in-house  in  terms  of  man- 
power and/or  dollars? 

a.  Man-years  $ (Contract). 

b.  Man-years  $ (In-house). 

4.  Often  it  is  not  possible  to  attach  equivalent  dollar  values  to  research, 
although  the  results  of  the  researcii  may,  in  fact,  be  important.  Whether  or 
not  you  were  able  to  establish  an  equivalent  value  for  this  research  (3  above) , 
what  is  your  estimate  of  its  significance? 

a.  Highly  b.  Significant  c.  Slightly  d.  Of  No 

Significant  Significant  Significance 

5.  Comments: 
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Determining  what  items  to  stock  in  the  event  of  combat  poses 
serious  problems  for  the  logistics  planner.  Stocking  one  of  every 
item  which  might  be  needed  would  be  prohibitively  costly.  This 
research  was  undertaken  to  examine  the  current  approach  to 
building  War  Readiness  Spares  Kits  and  contrast  its  level  of 
performance  with  an  alternate  means  of  choosing  items  for  the 
WRSK.  In  particular,  a systems  approach  using  the  concept  of 
maximizing  expected  fills  for  the  entire  kit  was  incorporated 
into  an  analytical  model.  The  results  of  the  research  led  to 
the  conclusion  that  the  systems  approach  is  a more  effective  and 
efficient  means  of  constructing  WRSK. 
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APPENDIX  A 


AUTHORIZED  LINE  ITEMS  FOR  THE  A-7D  WRSK 
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Appendix  A consists  of  the  following  data  for  each 
line  entry: 


Column 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 


Data 

Computer  line  number 
Kit  line  item  number 
Item  name 
Unit  price  ($) 

Repair  time  (days) 

Fraction  of  failures  not  reparable  by 
intermediate  maintenance 

Failure  rates  per  aircraft  hour 

Quantity  per  aircraft 

Quantity  authorized  in  current  A-7D  kit 

Quantity  proposed  in  Saber  Readiness 
reduced  kit 
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OtO  2 56 1«UN  8116  in  J7  .000127  1 5 3 
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1 75  33  MHE  E L HG  "95  4 5 . 0160  0 0 7 2 4 1 2 
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195  37  SNVLJT  274  10  2"  .000052  1 1 1 

200  38  SWVLJT  274  1 50  .00005?  Ill 

2 0 5 3"  £ X TUH I 7 83  t 17  .000124  1 1 l 

2  1 0 40  FYTI|M|T  83  4 11  .000558  3 1 1 
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2?  0 17  E7TIINIT  9 0 2 7 . 0 0 0 4 4 3 1 1 1 

Z"5  43  F7TIIH1T  86  3 6 . 0 0 " 34  0 1 1 1 

230  44  VAI.VF  254  1J  0 .000010  1 1 1 

235  45  V A L VF  726  1 0 . 0 0 0 0 2 1 111 
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2*0  46  VALVF  260  4 0 .0  0 0 0 2 1 111 

2*6  47  VAI.VF  3 0 0 1 0 30  . 0 0 0 6 7 0 1 1 t 

2*0  40  VAL vf  281  10  67  .000010  111 

2*6  40  ACniJHl  T R 1.38?  4 4 4 . 0 0 1 0 0 0 2 3 ? 

2*0  60  CYIAV  736  3 43  .000144  111 

26?  51  CYl»r  737  3 44  .000184  1 1 l 

2?0  52  VALVF  150  ? 43  .000720  532 

273  53  CT14Y  2471  7 60  .000103  111 

2«0  54  VLVRRES  122  4 8 .00042?  2 1 1 

?'3  55  C SO  1 3618  1 0 93  . 0 0 0280  1 2 1 

208  5*  VALVF  183  ? 75  .000082  111 
295  57  VALVE  284  6 95  .000206  1 1 1 

300  58  VALVF  43  1 4 46  . 00  0 124  1 I 1 

305  59  SWVLJ1  139  1 30  .000104  0 1 t 

310  6"  ACCII"LTR  392  2 1 0 . 0 0 0 2 3 7 l 1 1 

315  61  ACCimTR  1633  4 53  .000392  1 2 1 
320  62  CYLAY  1165  3 19  .00040?  1 1 1 

3»5  63  CYI.AY  371  10  1O0  .000164  4 1 1 
330  64  CYLAY  1806  10  85  .000148  411 
335  6?  CYL  588  7 50  .000132  2 1 l 

3 4 0 64  CYL  350  6 38  . 0 * 0 0 » 2 2 1 1 

345  67  VLYAY  1315  6 27  .000310  2 1 1 
3*0  68  CYL  915  2 20  .009103  1 1 1 
355  69  ACTLAY  1353  18  57  .080800  111 

330  78  ACCUHLTR  1340  5 60  .000258  111 
345  71  VALVFAY  14447  1 47  .000175  1 1 1 
370  72  F L F HF  N T 1 44  3 1 . 0 0 6165  1 7 4 

373  73  CYL  908  2825  i 71  . 0 0 0 351  111 
3«0  74  CYLAY  3301  3 74  .000331  1 1 1 

3*5  75  VAIVE  1644  10  40  .000071  111 

390  76  VLYAY  1707  2 4?  .000124  til 

395  77  VLVAY  15*8  4 59  .000124  111 
40U  7 8 CYL  554  3 64  . 0 0 0 36  1 111 

4«5  79  ACT  *106  6 40  .001444  2 2 1 

410  80  ACT  3792  5 47  .000485  111 
4t5  81  FU«F  I 32«  1 93  .000925  1 1 1 
420  8?  VALVF  15*  2 23  .000134  211 
4»3  83  PYI.  1408  3 69  .090774  ? 1 1 
4.30  84  CYLAY  151  5 3 46  . 0 0 0 134  1 1 1 


435  85  CYL NOR  137?  6 33  .000062  1 1 1 
440  86  CYLAY  16*4  7 75  ,000186  111 
4*3  87  CYLAY  16*4  10  100  .000082  111 

490  86  VALVF  76  10  0 .000018  211 
455  8?  CYL  713  3 57  .000537  1 1 1 

4*0  90  SW1VFL  162  5 75  .000124  til 

4*5  91  FXTtINIT  68  ? 13  .000700  411 

47i)  9?  FXTUMIT  92  1 13  . 0 00  7 74  2 1 1 
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4 75 

PXTUMIT  *9  7 9 . 

OOHl  J 1 l 

l 

4*0 

?< 

PXIIiMir  107  2 21 

.000144  ? 

1 

1 

4*5 

98 

VALVE  64  8 69  .00017?  1 1 

1 

4*0 

»» 

6 W V L J T 151  10  HO  .001010 

1 l 

l 

495 

97 

PAMRFmR  60?  1 a* 

.110515  t 

1 

1 

5*0 

9* 

VALVE  ?0l  3 50  . 

101020  2 l 

1 

515 

99 

FXTUNIT  91  2 8 . 

00040?  ? 1 

1 

5 1 • 

ino 

Ft  TUMI  T 119  l •> 

.1*1474  1 

1 

l 

515 

m 

f t tuni r m n 

.000268  4 

1 1 

5*0 

mz 

COWVTRLO  4*9  4 

64  .003574 

1 

6 3 

5?5 

in  3 

TtlRRIME  2 4 6?  0 

100  .00306?  1 

5 3 

530 

104 

VALVE  470  3 93 

.000278  1 

l 1 

535 

ins 

VALVE  2 4 8 tO  87 

.000392  l 

1 

1 

540 

1 n » 

VALVE  788  10  91 

.000237  t 

? 

1 

545 

in  7 

RCflLTR  407  5 95 

.000402  1 

1 

1 

5*0 

inn 

VALVE  485  0 11* 

.000768  1 

1 

1 

5*5 

109 

V L V S N S R 644  4 ‘1  8 . 0 0 0 2 8 « 

1 1 

l 

560 

lin 

2 N i C 7 L 134?  3 47  .001142 

l 2 

l 

5*5 

ill 

VALVE  21®  0 10* 

.000175  l 

1 

1 

570 

112 

LOXRFC  335  4 91 

.000328  1 

5 

3 

575 

11 J 

RFLAY  166  2 3 . 

001750  7 3 

2 

5*0 

114 

ACTUATOR  1163  4 

80  .00006?  t 

1 t 

5*5 

115 

ACT  1524  5 85  . 

000278  1 1 

1 

590 

114 

PANEL  7 °5  5 20 

.000244  1 

1 l 

5«5 

117 

ACT  945  1 98  .080498  1 1 

l 

610 

118 

8*61  171  14  inn 

.101052  1 

1 

t 

605 

119 

GRIPAV  174  3 24 

.000341  1 

1 

1 

61  0 

120 

VALVE  138  0 98 

.000206  1 

l 1 

615 

121 

valve  2«9  io  an 

.0000*2  ? 

t 

1 

6 ? 0 

122 

VALVE  160  in  87 

.000155  1 

1 

l 

6 25 

123 

VALVE  149  10  8 

.0*0299  1 

l l 

63  0 

t?4 

f'lELCTL  1 3 807  4 

ino  .001113 

1 ? 1 

635 

125 

AMP  3891  1 100 

.001291  1 

2 t 

6*0 

124 

CONTROL  2440  7 

86  .000842 

1 

1 l 

6*5 

127 

VALVE  6«4  in  97 

.000134  4 

2 

1 

650 

128 

VALVE  180  in  78 

.000207  3 

l 

1 

655 

129 

VALVE  2n«  to  4 n 

• 0 0 0 0 8 7 1 

1 

1 

660 

130 

STARTER  18440  3 

77  .003808  1 

4 ? 

665 

131 

TAN  268  4 49  . n o 1 3 7 2 2 8 

3 

670 

132 

FUFLPUMP  11141 

0 100  .000441 

t t t 

675 

133 

P05®  1393  10  95 

•001853  1 

3 

2 

6*0 

134 

PUHR  693  11  111 

.001113  1 

1 

1 

6*5 

135 

PtlHR  1526  l 94 

.000363  1 

l 1 

691 

134 

VALVF  170  5 0 . 

000040  l l 

1 

695 

137 

VALVE  2348  2 81 

.000732  l 

l 

1 

70  0 

138 

VALVE  884  11  93 

.110144  1 

1 

1 

705 

139 

VALVE  163  4 79 

.0*0144  1 

1 1 

■ 


7 t 0 l<»  9A LVE  IT?  7 J 3 .000031  11  1 

71?  l«V  VAL8e  2*7  t«  45  .40007?  111 
7 7?  14?  VALVE  78  7 1 8 . 8 0 8 0 1 8 lit 
7’?  1*1  PS111R  3 M 1 18  18  , 0 8 8 0 87  til 
710  IM  IWO  781  8 180  • 8 8 l ? ® 7 l 7 1 

75?  1«?  CONTROL  787  7 7 .801000  1 1 1 

7*8  1<#  CONTROL  401  6 18  .007880  117 
74?  147  RT  781?  4 77  .081113  l 4 ? 

7 ? 8 148  RT  4 73  7 « 1 1 . 0 08  711  l 1?  8 

743  1*8  (NO  18?  ? II  .880788  l 7 1 

788  138  RRC*»  1341  1 11  .008174  171 
745  l?l  A-P  486  3 13  .08010?  1 1 1 
778  1?7  CTL  l’o  7 0 .00008?  Ill 

773  131  RECV  1539  5 3 .000348  1 1 1 
7 ■ 8 134  RT  108?  4 3 .000378  111 

733  18?  MOUNT  779  10  4?  .100099  1 1 1 
798  133  RT  318?  3 13  .118073  1 1?  6 
795  147  CONTROL  631  3 10  .001753  171 
808  188  SREEPCE*  34629  10  14  .086678  1 8 4 

8 0 5 139  A N T E N 4 A 940  3 1 ?o  .0  071  70  1 3 2 

818  168  RT  37800  l 18  .014691  l 10  5 
815  161  INK  501  2 39  .082326  1 4 2 

B’O  147  CTLINO  3436  1 45  .007131  137 
873  133  PRRSUP  14974  7 14  .006794  147 
338  144  | N 0 8736  1 73  . 0834  85  1 18  3 

835  165  CTLR9L  1051  1 62  .808599  1 2 t 

840  146  PANEL  2377  3 19  .001800  l 1 t 

845  147  ANTREC  23777  1 35  .009474  184 

350  148  ANAVC3P  5441  3 18  .003480  142 

835  149  TRANSHIP  12724  3 »9  .005412  t 4 7 

368  175  RT  2558  7 1?  .888541  1 6 3 

345  171  SHITCHU  570  7 1 .000001  143 

370  1 7 2 COUPLER  319  7 28  .081374  1 7 1 
375  175  ANP  1086  3 18  .001772  447 
8 * U 174  |N0  747  3 17  . 0 0 81  83  lit 

8*5  175  A na  l Y ?E  R 3459  6 15  . 0 0 1428  1 7 1 

3»0  176  RECVR  7320  4 14  .001097  1 7 1 
895  177  INTRROX  1177  l 5 .002000  111 
900  178  Rt ANKER  348?  3 75  .000344  171 
905  1 7 9 CTL  7 400  5 46  . 00  0 175  111 
910  1*0  HLANKER  495  1 0 .00007?  Ill 
915  1 3 1 CTL  136  3 3 . 0 041938  1 1 1 
970  182  RT  3208  3 19  .001965  1 3 7 

9?5  133  TSAPX77  47?  4 31  .001000  1 3 ? 

910  IP*  SRI T C H 74  t 71  . 0 1 0268  1 3 7 

933  1"5  CTLPNL  47?  10  38  .001341  t 7 1 

940  136  AMP  1014  1 58  .000341  111 


94b  147  E1TP-0N  273  11  75  .003200  l 1 1 

95*  tlH  GBN  517  1 0 79  .905757  1 I 1 

95b  t 9 9 MTRGEN  374  10  13  .001595  1 7 \ 

9 5 (|  19  0 05  rCHO  471  7 5 7 . 0 0 0 5 5 4 1 7 1 

945  191  PURSUP  61  4 1 0 75  . 0 0 0 1 55  til 

970  196  8 4 f 1 F R T 643  10  3 .009691  1 17  6 

975  193  LIGHT  799  7 7 .007377  743 
9"(l  195  PnlIGHT  16  5 0 1 17  . 0 0 0 5 74  ill 

9»5  195  | M 11  5179a  0 63  . 0 09744  1 1 0 5 

9«0  1«4  TOi OSH  T 0 740  0 0 . 000905  1 1 l 

9«*  197  COMPUTE*  10704  7 70  .007370  15? 

0 4 0 1 0 *0  194  P I L n 1 4 U 29561  0 40  .010165  1 7 4 

9101005  119  PROBSR  20733  0 J?  ,006704  174 
0 0 0 1 0 1 0 70  0 COHO  T9  6744  7 33  . 0 0 1 447  1 6 3 
04  0 1 015  7»t  A D P T P S 15553  ? 48  . 0 0 399  1 1 6 3 

0«01  070  7"?  CH  20  03  l 5 0 . 0 0 0 4 46  l 1 l 

0«01025  203  PMOH  9204  J 27  .002450  1 9 4 

0 4 0 1 0 3 0 20  4 MG0UIE  794  7 0 0 . 0 0 0 9 6 4 1 1 1 

0401035  705  NH0C  127264  0 43  .009178  174 

0001040  206  190  731  6 0 .000470  1 3 2 

0001045  207  COOP  2575  4 9»  .001914  1 3 7 
o"0i050  204  INU  3740  ? 94  .001949  137 

0401055  2"9  COMP  10591  1 77  .009371  1 10  5 

040  1 060  21  0 TPANSDCP  61  3 0 1 0 0 . 00339  1 1 6 3 

0 0 0 1 0 6 5 21  1 IMU  3 0 4 0 0 1 0 0 . 0 0 7 0 4 7 1 3 J 

0401070  717  ACCLMM  404  0 100  .000701  111 
0001075  213  MO  500  3 17  .001042  l 7 t 
0001090  714  IMO  1701  0 100  .000737  111 

§"01035  714  4CCIMT9  709  6 96  .000017  111 
0001090  716  IMO  543  4 43  .002000  171 
040  1 095  71  7 SVRALT  1727  5 92  . 007000  1 3 2 
8 0 0 1 1 4 u 714  MO  1 199  3 91  . 001  659  1 7 1 

0001145  219  AMP  2206  1 10  .000380  111 

0001110  770  AMP  7042  2 7 .001923  147 
04  0 1 11  5 271  PA  NFL  A f 7 1 9 2 0 . 0 0 1 8 6 1 l 1 
0001170  272  TRAMSMTP  742  5 100  .002064  171 

0001175  27  3 G T HP  4970  3 3?  .001747  7 1 7 
0 4 0 1 1 1 0 774  ACCIHTR  663  0 100  .000876  7 3 7 

00  01  1 15  7 7 5 amp  7 3 1 4 7 1 0 . 0 0 75  0 0 1 5 3 

0401140  776  AMP  7714  ? 5 .007173  153 
0 0 * 1 1 49  767  TPAHSOCP  7 1 9 6 0 1 0 0 . 0 00974  1 7 1 

OIOII'O  274  MD  116  1 1"0  .000146  1 l 1 
0001155  779  TRANSMTR  945  1 45  .000567  til 
0"»1160  730  MB  659  1 94  .000495  ill 

0001145  711  MD  754  0 100  .000780  1 1 l 
0401170  237  TRANSHIP  4*0  4 100  .002934  1 5 1 
0001175  213  ACCL0C4  204  24  49  .000873  3 1 1 


l“0  132?  0 mu  .M1936  1 5 ^ 

99011’?  21?  130  279  a 190  .001912  1 I t 

9 * 9 1 1 9 9 2 M |N0  7 7 1 0 1 9 9 .OOH12  1 J 2 

9*91199  237  (NO  139  19  93  .009399  3 l l 

9*91299  213  TR*MS«TP  33*  7 93  .0970*3  1 6 3 
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APPENDIX  B 


ANALYTICAL  MODEL  FOR  MAXIMIZING  EXPECTED  FILLS 


C GLAZE NER/TINDER  763  THESIS 
C A 7 HQSK  LAGRANGIAN  FUNCTION 
C C < J ) = COST  OF  I TEN  J 

C 0 P A ( J ) 3 QUANTITY  PER  AIRCRAFT  OF  ITEM  J 
C FR(J)s  FAILURE  RATE  /FLYING  HOUR  FOR  ITEM  J 
C N AME  < J ) = ITEM  NAME 

C 0 P K ( J ) = CURRENT  QUANTITY  OF  ITEM  J PER  KIT 
C I R T ( J ) * REPAIR  TIMEIOAYSJOF  ITEM  J 
C NR8(J)=  % REPAIRED  AT  RASE  LEVEL 
C LNB  < J > = KIT  LINE  NUMBERS 

C LDT(J)*  EXPECTED  DEMANDS  FOR  ITEM  J/  30  DAY  PERIOD/  A7  SQUADRON 
C S T 0 C K ( J ) = REVISED  Q U A N T I T Y ( C 0 M P U T E D > FOR  EACH  ITEM  J 
C P=  RECURSIVE  CALCULATION  FOR  STOCK  LEVELS 
C SD  = TOTAL  SYSTEM  DEMAND  RATE 
C T H E T A = CONTROL  RATIO 
C E F ILL*  EXPECTED  FILLS 
C T C K = TOTAL  COST  OF  KIT 
C T C ( J ) = TOTAL  COST  OF  STOCKING  ITEM  J 
C T S F R = TOTAL  SYSTEM  FILL  RATE 

C CMAX,  I TER. S, DEL. CP*PROGRAM  INDICES  AND  COUNTERS 
NITMS*238 

CHARACTER  NAM6*8(238) 

DIMENSION  F R ( 2 3 8 ) . IRT(238).NRB(238),LNB(238) 

DIMENSION  TC  ( 238  ) 

REAL  LDT( 238 ) 

INTEGER  C(238),QPA(238),QPK(238),ST0CK(238) 

DIMENSION  N 0 K ( 2 3 8 ) 

C M A X = 0 
S 0 = 0 

DO  10  J = 1 . N I T M S 

READ(05,400.END=44)LNB(J).NAME(J).C(J).IRT(J),NR9(J), 

S FR ( J ) . QPA ( J ) , QPK ( J ) , NQK ( J ) 

44  LDT( J)=FR( J)»QPA( J)*24*2.5*30 
SD  = SD*LDT( J ) 

I F ( C ( J ) .LE.CMAX)  GO  TO  10 
C M A X = C ( J ) 

10  CONTINUE 
PRINT  30  1 . SD 
I TER=1 

THETA*. 00002868 
Y * 0 

DO  30  1*1.1  TER 

THETAsTHETA-Y 
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EF I LL=0 
T C K = 0 

PRINT,"  ITEM  STOCK  COST  " 

00  40  Jsl.NlTMS 

X F I L L = 0 

S*0 

P = EXP! -LOT  < J > > 

CP  = P 

55  DEL=1-CP 

I F ( DEL. IT. THE TA*C ( J ) ) GO  TO  60 

xfill=xfill*oel 

S = S*1 

P = P • L 0 T ( J)/S 
CP=CP*P 
GO  TO  55 
60  STOCK  < J ) a S 

efill=efill*xfill 

TC ( J ) =STOCK ( J ) *C ( J ) 

TCK=  TCK*  TC ( J ) 

I F < STOCK ( J). £0.0)00  TO  40 
PRINT  10 1 , J. STOCK ! J ), TC ( J ) 

40  CONTINUE 
PRINT  102, TCK 
TSFR=EFILL/SD 
PRINT  10  4,  T S F R 
PRINT  103, THETA 
IFCTSFR.GE..96)G0  TO  75 
30  CONTINUE 
400  FORMAT(V) 

301  FORMATCIX, "TOTAL  SYSTEM  DEMAND  RATE  IS  " , F 1 0 . 6 > 

101  FORMA T ( 4 X . I 3 , 6 X , I 3 , 5X  . F9 . 0 ) 

102  FORMAT ( " THE  TOTAL  KIT  COST  FOR  THIS  MULTIPLIER  IS  ",F12.0) 

103  FORMAT! 1 X, "THE  MULTIPLIER  VALUE  I S " , F 1 2 . 1 0 > 

104  FORMAT!"  THE  SYSTEM  FILL  RATE  FOR  THIS  MULTIPLIER  IS  “,F6.4> 
75  STOP 

END 
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APPENDIX  C 


PROGRAM/EVALUATION  OF  FILL  RATE  OF  CURRENT  A-7D  WRSK 


N I T M S = 2 3 8 

CHARACTER  NAME*8(238) 

DIMENSION  F R ! 2 3 8 ) # IRT(238).NR9(238).LN8(238) 

DIMENSION  TC(238)/LN8(238  )#NOK(238) 

L N 0 HAS  PREVIOUSLY  BEEN  DIMENSIONED 
REAL  L D T < 2 3 8 ) 

INTEGER  C!238).0PA(238),0PK!238),ST0CK!238),S 
400  FORMAT! V) 

S D = 0 
E T I L L = 0 
T C K = 0 

DO  10  J = 1 , N I T M S 

READ  <05,400,END=46)LNB!J>,NAME!J),C(J),  IRT(J).NRB(J)f 
8 FR(J).OPA(J).OPK(J).NOK(J) 

46  LD T ( J ) jT R ( J ) *0P A < J ) *3  0 *24  *2 . 5 
SD  = SD*LDT ( J ) 

TCK  = TCK*  QPK ! J ) *C ! J ) 

1 F { QPK ( J ) . SO.  0 ) GO  TO  10 
X F I L L = 0 

P = EXP( — L D T ( J)  ) 

CP  = P 

DO  20  S=l»OPK(J) 

xfill=xfill*i-cp 

P = P*LD  T C J ) / S 

CP=CP*P 

20  CONTINUE 

EF I LL  = EF I LL*  XF ILL 

CP=XFILL/LDT(JI 

PRINT  65,J.LDT<J).CP,XFILL.0PK(J) 

10  CONTINUE 
TSFR=EFILL/SD 
PRINT  50 , TSFR 
PRINT  60  , TCK 

50  FORMAT!  "THE  SYSTEM  FILL  PATE  IS  ",  F 6 . 4 ) 

60  FORMAT!"  THE  TOTAL  COST  FOR  THIS  KIT  IS  " , F 1 2 . 2 ) 

65  FORMAT!  I3,3X,F7.4,3X,F7.5,3X,F8.5,3X,  13) 

70  STOP 
END 
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Expected 

Item 

Quantity 

Item  30-Day 

Fill 

Expected 

in 

# 

Demand 

Rate 

Fills 

Kit 

1 

0 .1224 

0 . 9999  3 

0.12239 

3 

2 

0.2322 

1.00000 

0.23220 

5 

3 

0.2538 

1 . 0 0 0 0 0 

0.25380 

6 

4 

0.0270 

0.98662 

0.02664 

1 

5 

0.5508 

1.00000 

0 . 5 5 0 8 0 

13 

6 

0.6570 

1 . 0 0 0 0 0 

0 . 657  0 0 

15 

7 

0.7686 

1.00000 

0 . 7 6 8 6 0 

14 

8 

0.1062 

0.99822 

0 . 1 0 6 0 1 

2 

9 

0.7038 

1.00000 

0.70380 

13 

1 0 

0,3636 

1.00000 

0 . 363  6 0 

5 

11 

2.5758 

1.00000 

2.57580 

14 

12 

0.8748 

1 . 0 0 0 0 0 

0.87480 

8 

13 

2.1348 

0.99978 

2.1343? 

8 

1 4 

0.3762 

0.99937 

0.37615 

4 

16 

0.2556 

1.00000 

0.25563 

6 

1 6 

0 . 333  4 

0.99969 

0.33314 

5 

17 

0.1062 

0.99995 

0 . 1 0 6 2 0 

3 

1 3 

17.6256 

0.17021 

3.00000 

3 

19 

2.3530 

0 . 67  33? 

1.53769 

2 

2 0 

0.2196 

0 . 39  7 8 1 

0.19716 

1 

21 

0.1476 

0.92970 

0.13722 

1 

22 

3.4146 

0.72775 

2.48498 

3 

23 

7.2720 

0.53641 

3.90080 

4 

24 

0 .6318 

0.74132 

0.46837 

1 

25 

16.2000 

0.24691 

3.99991 

4 

26 

2.0034 

0.72878 

1.46004 

2 

27 

0.2970 

0.36517 

0.25696 

1 

23 

0.9270 

0.65185 

0.60426 

1 

29 

1.2240 

0.57676 

0.70595 

1 

30 

0.0018 

0.99910 

0 .00180 

1 

31 

11  . 354  4 

0.52429 

5.95301 

6 

32 

0.2412 

0.88854 

0.21432 

1 

33 

57.6000 

0.41667 

24.00000 

24 

34 

0.0036 

0.99820 

0.00359 

1 

35 

1.0534 

0.61696 

0.65299 

1 

36 

5.6808 

0 . 5 0 97  3 

2.89598 

3 

37 

0.0936 

0.95463 

0.03935 

1 

v 


56 


* 


3B 

0 . 0 93  6 

0.95463 

0 . 0 8 9 3 5 

1 

39 

0.2232 

0.89626 

0 . 2 0 0 0 5 

1 

4 0 

3.0132 

0.31557 

0 . 9 5 0 8 7 

1 

4 1 

0 . 5 382 

0.77332 

0.41620 

1 

42 

0.7974 

0 .6391  2 

0 .54950 

1 

43 

0.6120 

0.74793 

0 . 4 57  7 3 

1 

4 4 

0 .0180 

0.99105 

0 . 01784 

1 

45 

0.0378 

0 .98134 

0.03709 

1 

46 

0.0378 

0.98134 

0 . 0 3 7 C 9 

1 

47 

1.2060 

0.58093 

0.70061 

1 

48 

1.6380 

0.49184 

0 . 8 0 5 6 3 

1 

49 

3.6000 

0.70673 

2.54424 

3 

5 0 

0.2592 

0.88091 

0 . 22  9 33 

1 

51 

0.3348 

0.34992 

0 . 2 8 4 52 

1 

52 

6.4800 

0.45422 

2.9  4 3 32 

3 

53 

0.1854 

0.91277 

0 . 1 6 92  3 

1 

54 

1.5192 

0 .51416 

0.78111 

1 

55 

0.5202 

0.96499 

0.50199 

2 

56 

0.1476 

0.92970 

0 . 1 3722 

1 

57 

0 . 3 7 0 8 

0.93554 

0.30982 

1 

58 

0.2232 

0.39625 

0.2  0 0 0 5 

1 

59 

1.4976 

0.51839 

0.77633 

1 

6 0 

0.4266 

0.31405 

0 . 3 47  28 

1 

61 

0.7056 

0.94096 

0 . 66394 

2 

62 

0.7236 

0.71171 

0.51500 

1 

63 

1.1308 

0.58685 

0 . 69297 

1 

64 

1.0656 

0.61513 

0 . 65548 

1 

65 

0.4752 

0.79596 

0.37824 

1 

66 

0.2952 

0.96591 

0.25562 

1 

67 

1.1160 

0 . 6 0 25  2 

0 . 672  4 1 

1 

68 

0.1854 

0.91277 

0 . 1 69  2 3 

1 

6 9 

1 . 4 4 0 0 

0.52991 

0 . 7 6 3 0 7 

1 

70 

0.4644 

0.79993 

0.37149 

1 

71 

0.3150 

0.95731 

0 . 270  2 1 

1 

72 

1 1 . 0 97  0 

0.61907 

6.8698  5 

7 

73 

0 .6318 

0.74132 

0 . 4 6 3 37 

1 

74 

0.6318 

0.74132 

0 . 4 6 9 3 7 

1 

75 

0.1278 

0.93874 

0.11997 

1 

76 

0.2232 

0.39626 

0 . 2 0 0 0 5 

1 

77 

0.7232 

0.89626 

0 . 2 0 0 0 5 

l 

78 

0.6498 

0 . 7 353  3 

0 . 4 7 73  5 

1 

79 

5.1984 

0.37708 

1 . 9 6 0 2 3 

2 

8 0 

0.8730 

0.66701 

0,53230 

1 

81 

1.6650 

0.48697 

0.31081 

1 

i 


82 

0.4824 

0.79332 

0 . 38  2 7 0 

1 

83 

2.7864 

0.33676 

0 . 9383  6 

1 

84 

0.2412 

0.88854 

0.21432 

1 

85 

0.1116 

0 . 94  622 

0 .10560 

1 

86 

0.3348 

0 . 8 498  2 

0.28452 

1 

87 

0.1476 

0 . 929  7 0 

0.13722 

1 

88 

0.0360 

0.98221 

0 . 0 353  6 

1 

89 

1.0026 

0.63143 

0 . 633  0 8 

1 

9 0 

0 . 223  2 

0.89626 

0 . 2 0 0 0 5 

1 

91 

5.0400 

0.19713 

0 . 993  53 

1 

92 

2.7864 

0 . 3367  8 

0 . 938  3 6 

1 

93 

0.2034 

0.90488 

0 . 1 8 4 0 5 

1 

94 

0.5184 

0.78034 

0 . 4 0 4 5 3 

l 

95 

0.1296 

0.93791 

0.12155 

1 

96 

0.0130 

0.99105 

0.01784 

1 

97 

0.9270 

0.65135 

0.60426 

1 

98 

0,0720 

0 . 964  3 5 

0 . 0 6 9 4 7 

1 

99 

1.4472 

0.52845 

0 . 764  7 7 

1 

no 

0,8532 

0 . 6 72  7 0 

0.57395 

1 

101 

1.9296 

0.44299 

0.85479 

1 

102 

6.4332 

0.31053 

5.21464 

6 

1 0 3 

5.5116 

0 . 784  8 7 

4 .325  89 

5 

10  4 

0.5004 

0.78679 

0.39371 

1 

105 

0.7056 

0.71739 

0 . 5 0 6 1 9 

1 

1 0 6 

0 . 4 26  6 

0.97533 

0 .41610 

2 

107 

0.7236 

0 .71171 

0.51500 

1 

10  8 

0.4824 

0.79332 

0 . 382  7 0 

1 

10  9 

0.4644 

0.79993 

0.37149 

1 

110 

2.0556 

0 . 720  3 3 

1 . 4 8 0 8 2 

2 

111 

0.3150 

0.35781 

0 . 27  0 2 1 

1 

112 

0.5904 

0.99993 

0 . 59  0 36 

5 

113 

22.0500 

0.13605 

3 . 0 0 0 0 0 

3 

114 

0,1476 

0.92970 

0.13722 

1 

115 

0.5004 

0.78679 

0 . 39  37  1 

1 

116 

0.4392 

0.80931 

0.355  4 5 

1 

117 

0.3910 

0.66190 

0 . 58  975 

1 

113 

0.0936 

0 .954  63 

0 . 0 8 9 3 5 

1 

h 


58 


119 

0.6120 

0.74793 

0.45773 

1 

120 

0.3708 

0.93554 

0.30982 

1 

121 

0.1872 

0 .91193 

0.17072 

1 

122 

0 . 279  0 

0 .8  7262 

0 . 243  46 

1 

123 

0 . 5 332 

0.77332 

0.41620 

l 

124 

2.0034 

0 . 728  7 3 

1.46004 

2 

125 

2.3233 

0 .67  850 

1.57670 

2 

126 

1 .5156 

0 .51486 

0.78032 

1 

127 

0.9792 

0.39969 

0.88098 

2 

129 

1.1173 

0.60203 

0.67300 

1 

129 

0.0936 

0 . 9546  3 

0.08935 

1 

1 3 0 

6.3090 

0.60385 

3.30967 

4 

131 

4.9392 

0.82919 

4.09556 

5 

132 

0.7938 

0 .690  1 9 

0 . 54  7 38 

l 

133 

3.3354 

0.73635 

2.45769 

3 

134 

0.2034 

0.90486 

0.18405 

1 

135 

0.6534 

0.73420 

0.47973 

1 

136 

0.0720 

0.96485 

0 . 0 6 9 4 7 

1 

137 

1.3176 

0.55572 

0.73222 

1 

133 

0.2592 

0.88091 

0.22833 

1 

139 

0.2592 

0.38091 

0.22833 

1 

14  0 

0.0558 

0.97261 

0.05427 

1 

141 

0.1296 

0.93791 

0.12155 

1 

142 

0.0180 

0.99105 

0.01784 

1 

143 

0.1476 

0.92970 

0.13722 

1 

14  4 

2.8746 

0.60004 

1.72488 

2 

145 

1.8000 

0.4637? 

0,83470 

1 

146 

3.6000 

0 . 7 0 67  3 

2.54424 

3 

147 

5.6394 

0.65722 

3.70631 

4 

143 

15.7158 

0.87625 

13.77101 

15 

149 

0.4324 

0.96935 

0.46761 

2 

15  0 

0.2232 

0.99256 

0.22154 

2 

151 

0 . 5 436 

0.77142 

0.41935 

1 

152 

0.1116 

0.94622 

0.10560 

1 

153 

0 .626  4 

0.74312 

0.46549 

1 

154 

0.9504 

0.64543 

0.61341 

1 

155 

0.1782 

0.91596 

0.16322 

1 

156 

18.0414 

0 .6590  5 

11.89019 

12 

157 

2.2644 

0.60758 

1.55696 

2 

158 

12.0060 

0 .6  525  4 

7.83437 

8 

159 

3.9060 

0.67306 

2.62896 

3 

160 

26.4438 

0.37816 

9.99988 

10 

161 

4.5468 

0 . 75  388 

3.42775 

4 

162 

3.8358 

0.58066 

2.61088 

3 

163 

12.2292 

0.32689 

3.99758 

4 

164 

15.2730 

0.64696 

9.88107 

10 

165 

1.0782 

0.88367 

0.95277 

2 

166 

1.8000 

0.46372 

0 . 834  7 0 

1 

167 

17.0532 

0.46864 

7.99168 

8 

168 

6.6240 

0.58057 

3.84569 

4 

169 

9.7416 

0 . 4 0 891 

3.98341 

4 

170 

14.4738 

0.41415 

5.99432 

6 

171 

0.0018 

1.00002 

0 .00180 

6 

172 

2.4732 

0.65617 

1.62284 

2 

173 

12.7584 

0.31339 

3.99841 

4 

174 

0.3294 

0 .85199 

0.28064 

1 

175 

2.5704 

0.64206 

1.65034 

2 

176 

1.9656 

0.73491 

1.44453 

2 

177 

3.6000 

0.27019 

0 . 97  268 

1 

178 

0 .6192 

0.95266 

0.58989 

2 

179 

0.3150 

0.85731 

0.27021 

1 

180 

0.1296 

0 .9379  1 

0.12155 

1 

181 

1 .6884 

0.48232 

0 .91519 

1 

182 

3.5370 

0.71383 

2.52481 

3 

133 

5.4000 

0.53182 

2.87182 

3 

184 

0.4824 

0.99648 

0 . 48C70 

3 

185 

2.4498 

0.65962 

1.61593 

2 

136 

0 .6138 

0.74733 

0.45871 

1 

137 

5.7600 

0.17306 

0.99685 

1 

188 

0.4446 

0 . 8 0 72  9 

0.35892 

1 

189 

2.6712 

0.62777 

1.67690 

2 

19  0 

0.9828 

0 . 8991  2 

0.88365 

2 

191 

0.2790 

0.37262 

0.24346 

1 

192 

15.6438 

0.74572 

11.66592 

12 

193 

8.5392 

0.67223 

5.74032 

6 

19  4 

0.8532 

0.67271 

0.57395 

1 

195 

15.7464 

0.62917 

9.90712 

11 

196 

1.6290 

0.49343 

0 . 8 0 387 

1 

197 

4 .1760 

0 . 7 882  8 

3.29184 

4 

198 

18.2970 

0.38251 

6.99881 

7 

199 

11.1708 

0.61547 

6.87526 

7 

20  0 

3.0366 

0.98227 

2.98276 

6 

201 

7.1838 

0.76002 

5.45984 

6 

202 

0.8748 

0 . 6665  1 

0 . 5830  5 

1 

203 

4.4100 

0 .994  59 

4.38612 

9 

20  4 

1.5552 

0.50724 

0.78885 

1 

205 

14.7204 

0.47459 

6.98613 

7 

206 

0 . 756  0 

0.98843 

0.74725 

3 

207 

3.4524 

0 .72  343 

2.49758 

3 

208 

3.5064 

0.71729 

2.51512 

3 

209 

1 6 .8678 

0.58964 

9.94930 

1 0 

210 

6.1858 

0.83373 

5.07391 

6 

60 


211 

3.7566 

0 .68933 

2.58953 

3 

212 

1.2618 

0 . 568  1 2 

0.71686 

1 

213 

1.9476 

0.73784 

1.43701 

2 

214 

0.4266 

0.81405 

0.34728 

1 

215 

0.0216 

0.98923 

0.02137 

1 

216 

3.6000 

0.51305 

1.84699 

2 

217 

3.6000 

0.70673 

2.54424 

3 

213 

2.9862 

0.58546 

1.7483  0 

2 

219 

0.6840 

0.72428 

0 .49541 

1 

220 

3.4614 

0.35336 

2.95556 

4 

221 

3.3480 

0.23819 

0.96485 

1 

222 

3.7152 

0.50037 

1.86083 

2 

223 

6.2712 

0.46777 

2.933  46 

3 

224 

3.1536 

0.75795 

2.39028 

3 

225 

4.5000 

0.86218 

3.87981 

5 

226 

3,9114 

0.90331 

3.53321 

5 

227 

1.6704 

0.78384 

1.3  0 933 

2 

228 

0.2628 

0.87939 

0.23110 

1 

22  9 

1.0206 

0.62671 

0.63962 

1 

230 

0.8730 

0.66701 

0 . 582  3 0 

1 

231 

1.4040 

0.53731 

0 . 75  4 39 

1 

232 

5.2884 

0 .8022  4 

4.24255 

5 

233 

4.7142 

0.21022 

0.99103 

1 

234 

3.4348 

0 . 9297-* 

3.23994 

5 

235 

3.4416 

0.23126 

0 .967  99 

1 

236 

2.5416 

0.82937 

2.10921 

3 

237 

1.6200 

0.4951? 

0.8  0 21  0 

1 

238 

11.0322 

0.53363 

5.94223 

6 

THE  SYSTEM  FIi.L  RATE  IS  0 . 5550 
THE  TOTAL  COST  FOR  THIS  KIT  IS  4153549.00 


APPENDIX  D 


! EXPECTED  FILLS  MAXIMIZED 


FOR  30  DAYS — KIT  COMPOSITION 


1 


TOTAL  SYSTEM  DEMAND  RATE  IS  736.1. 3 7016 

ITEM  STOCK  COST 


1 

1 

12  06  . 

3 

1 

1041  . 

4 

1 

185  . 

5 

3 

744  . 

6 

3 

495  . 

7 

3 

3423  . 

0 

1 

3 13. 

9 

3 

2832  . 

10 

2 

3626  . 

11 

5 

12775  . 

12 

4 

1 452  . 

13 

4 

9664  . 

14 

2 

618  . 

15 

1 

990  . 

16 

2 

12202  . 

17 

1 

4 93  . 

18 

26 

29822  . 

19 

1 

27573  . 

20 

2 

4 78  . 

21 

1 

2780  . 

22 

6 

13164  . 

23 

13 

1 1349  . 

24 

3 

14  70  . 

25 

27 

6885  . 

26 

6 

110  4. 

27 

1 

3973  . 

28 

2 

75  0 2 . 

29 

3 

4 836  . 

31 

20 

8 740  . 

32 

1 

1 5 97  . 

33 

72 

71640  . 

35 

3 

50  43  . 

36 

10 

20  610  . 

37 

1 

274  . 

38 

1 

274  . 

39 

2 

166  . 

40 

9 

747  . 

41 

3 

249  . 

42 

4 

360  . 

43 

4 

344  . 

4 4 

1 

254  . 

45 

1 

226  . 

46 

1 

269  . 

47 

4 

1236  . 

48 

5 

1 4 05  . 

62 


63 


A 


49 

7 

9695 

5 0 

2 

1476 

51 

2 

1474 

52 

14 

210  0 

53 

1 

2471 

54 

6 

732 

55 

1 

13818 

56 

2 

370 

57 

2 

568 

58 

2 

862 

59 

6 

834 

60 
61 
62 
63 
6 4 

65 

66 

67 

68 

69 

70 

72 

73 

74 

75 

76 

77 

78 

79 

80 
81 
82 

83 

84 

85 

86 

87 

88 
89 


2 

2 

3 

4 
3 
2 
2 

3 
1 

4 
2 

21 

2 

2 

1 

1 

1 

3 
8 
2 

4 
3 
6 
1 
1 
1 
1 
1 
3 


784  . 
3266  . 
3495  . 
2284  . 
5418  . 
1176. 
1100  . 
3945  . 

915  . 
6212. 
2720  . 
3 0 66  . 
5650  . 
66  02  . 
164  4 . 
17  07  . 
1588  . 
1662  . 
33568  . 
7584  . 
5316  . 

4 74  . 
8 448  . 
1515  . 
1572  . 
1684  . 
1684  . 

76  . 
2139. 


90 

2 

324 

91 

12 

1056 

92 

8 

736 

93  2 178. 

94  3 321. 


I 


64 


95 

2 

168 

96 

1 

151 

97 

3 

1806 

98 

1 

201 

99 

6 

546 

1 0 0 

4 

4 76 

10  1 

7 

623 

102 

13 

6 0 97 

10  3 

9 

22158 

1 0 4 

3 

1410 

1 0 5 

3 

744 

106 

2 

1576 

10  7 

3 

1221 

10  8 

2 

970 

10  9 

2 

1328 

110 

5 

6 74  0 . 

111 

2 

420  . 

112 

3 

1 0 05  . 

113 

35 

5 460  . 

114 

1 

1163. 

115 

2 

3 0 48  . 

116 

2 

1590  . 

117 

3 

2835  . 

113 

1 

171  . 

119 

3 

522  . 

120 

3 

414  . 

121 

2 

598  . 

122 

2 

320  . 

123 

3 

4 47  . 

124 

2 

271  74  . 

125 

4 

15564  . 

126 

3 

7320  . 

127 

3 

2 0 82  . 

128 

5 

9 0 0 . 

129 

1 

2 0 8 . 

130 

7 

1 0 8 0 80  . 

131 

11 

2915. 

132 

1 

11141  . 

133 

7 

9751  . 

134 

1 

693  . 

135 

2 

3 0 52  . 

136 

1 

170  . 

137 

3 

7 0 44  . 

138 

2 

1 768  . 

139 

2 

3 26  . 

1 


wm 


14  0 

1 

175 

141 

2 

514 

142 

1 

297 

143 

1 

381 

14  4 

8 

2248 

145 

6 

1512 

146 

9 

3627 

147 

9 

25335 

148 

20 

85140 

14  9 

3 

468 

150 

1 

1543 

151 

3 

1458 

152 

2 

240 

153 

2 

2718 

154 

3 

3 0 0 6 

155 

2 

458 

156 

22 

116644 

157 

6 

4 0 86 

158 

4 

138516 

159 

5 

47  0 4 0 

160 

19 

608000 

161 

1 0 

5010 

162 

6 

20  916 

163 

13 

194012 

164 

18 

157608 

165 

3 

3153 

166 

4 

930  8 

167 

15 

355905 

168 

9 

49149 

169 

11 

139964 

170 

21 

43  0 50 

172 

7 

2233 

173 

20 

21720 

174 

2 

1494 

175 

5 

17295 

176 

4 

9280 

177 

7 

8239 

178 

2 

7364 

179 

1 

24  0 0 

180 

1 

493 

181 

6 

636 

65 


L 


66 


132 

6 

1 92  00 

183 

11 

46  42 

184 

3 

222 

185 

6 

3732 

186 

2 

20  32 

187 

12 

3276 

188 

2 

1624 

189 

7 

2268 

190 

4 

2484 

191 

2 

1232 

192 

24 

15912 

193 

16 

4624 

194 

3 

4944 

196 

5 

14  0 0 

197 

5 

51020 

198 

14 

399854 

199 

1 0 

207330 

20  0 

5 

31430 

201 

7 

108871 

202 

3 

6 0 0 9 

203 

6 

55224 

204 

3 

8 9 0 1 

206 

4 

924 

207 

6 

15450 

20  8 

6 

1 9680 

209 

19 

201267 

210 

1 2 

7356 

211 

6 

1 8 240 

212 

4 

1940 

213 

6 

30  0 0 

214 

2 

24  02 

215 

1 

209 

216 

8 

4 0 24 

217 

7 

120  89 

218 

6 

8328 

219 

2 

4572 

220 

5 

35410 

221 

8 

5752 

222 

9 

2538 

223 

9 

4 4 280 

* 


1 


224 

7 

4 641 

225 

6 

4 4 0 0 4 

226 

5 

36  0 70 

227 

4 

8 784 

223 

2 

232 

229 
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THE  TOTAL  KIT  COST  FOR  THIS  MULTIPLIER  TS  4244190. 

THE  SYSTEM  FILL  RATE  FOR  THIS  MULTIPLIER  IS  0.9023 
THE  MULTIPLIER  VALUE  IS  0.00002863 
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